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(54) Vertically-aligned (VA) liquid crystal display device 



(57) A vertically alignment mode liquid crystal dis- 
play device having an improved viewing angle charac- 
teristic is disclosed. The disclosed liquid crystal display 
device uses a liquid crystal having a negative aniso- 
tropic dielectric constant, and orientations of the liquid 
crystal are vertical to substrates (12,13) when no volt- 
age being applied, almost horizontal when a predeter- 



mined voltage is applied, and oblique when an 
intermediate voltage is applied. At least one of the sub- 
strates includes a structure (20) as domain regulating 
means, and inclined surfaces of the structure operate 
as a trigger to regulate azimuths of the oblique orienta- 
tions of the liquid crystal when the intermediate voltage 
is applied. 



Fig.9A 



Fig.9B 



Fig.9C 
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Description 



55 



The present invention relates to a liquid crystal display (LCD), and more particularly to a vertically-aligned (VA) 
LCD. 

5 Among flat-panel displays enjoying image quality equivalent of the one offered by the CRT, it is a liquid crystal dis- 
play (LCD) that has been most widely adopted nowadays. In particular, a thin-film transistor (TFT) type LCD (TFT LCD) 
has been adapted to public welfare-related equipment such as a personal computer, word processor and OA equip- 
ment, and home electric appliances including a portable television set. and expected to further expand its market 
Accordingly, there is a demand for further improvement of image quality. A description will be made by taking the TFT 

70 LCD for instance. However, the present invention is not limited to the TFT LCD but can apply to a simple matrix LCD a 
plasma addressing type LCD and so forth. Generally, the present invention is applicable to LCDs which include liquid 
crystal sandwiched between a pair of substrates on which electrodes are respectively formed and carry out displays by 
applying voltage between the electrodes. r o^. youy 

nanS^!^^^^^jT-^"T!!!^'^f^ ^"^"^^ ^^"^ '^^ ^ nornially-white mode that is inplemented in a twisted 
75 nematic (TN) LCD The technology of manufacturing the TN TFT LCD has outstandingly advanced in recent years 
Contrast and color reproducibility provided by the TN TFT LCD have surpassed those offered by the CRT However the 
. r.^ . drawback of a narrow viewing angle range. This poses a problem that the application of the TN 

LOU IS limrted. 

In an effort to solve these problems. Japanese Examined Patent Publication Nos. 53-48452 and 1-120528 have 
?o proposed an LCD adopting a mode refen-ed to as an IPS mode. 

• M^^'T^ IPS mode suffers from slow switching. At present, when a motion picture representing a fast motion 
isdisplay^ drawbacks including a drawback that an image streams take place. In an actual panel, therefore, for 
T ^'^"^^ ""^^ P«^^'«' to electrodes but rubbed in a direction 

*I^?Q ^5 1 ^ °' '"^"^ since the response time permitted by 

5 the IPS mode is Nv.ce longer than the one permitted by the TN mode, the response speed is very low Moreover when 
rubbing is earned out in the direction shitted by about 15". a viewing angle characteristic of a f2nel does SlbeTrS 
unrfam between the nght and left skJes of the panel. Gray-scale reversal occurs relative to a specified viewing angle 

As mentioned above, the IPS mode that has been proposed as an alternative for solving the problem on the viewina 
angle characteristic of the TN mode has the problem that the characteristics offered by tSe IPS mode ler t^lTt^e 

m m' J i- ""f^*^"^ 3 '°^^'y polarization effect which is used in the TN mode, but uses a birefringent 

w^!o rnr^? ^ ^"S"** « black disptey appears 

When a predetermined voltage is applied, the liquid crystalline molecules are aligned in a horizontal direction arSwhite 
. disp^y appears. A contrast in display offered by the VA mode is higher than that oHered by the TN mie A re^^ 
^"^ ^ ^"9'" characteristic is provided for white display and black displariS 

VA mode IS therefore attracting attention as a novel mode for a liquid crystal display o'spiay ine 

thp li^wfLlT^ Tr, "''^^ ^'"^ ^ ™ concerning halftone display, that is. a problem that 

Z STmlT w ' ^"es depending on the viewing angle. The VA mode provides amuch higher a,ntrast thl 
the TN mode and is superior to the TN mode in terms of a viewing angle characteristic concerning a viewing ang eTr 
tZ7^.r^^ Characteristic, because even when no voltage is applied, liquid crystalline moleculi nr^llSem 

hv JitTr" ^'^l^'f '"9 «"9'« performance of a liquid crystal display device (LCD) in the TN mode can be improved 
by setting *e onentaton directions of the liquid crystalline molecules inside pixels to a plurality of rwJiallX^ 
a SSSe sTr^Sl "^"^ crystalline moleculesWtiH angles) 11 C JS^tart S 

?ho^nJ?n ™ "^^ '^^"""^^ a ^"bbing treatment appi ed to the Lnmert fHm 

^e rubbing treatment is a processing which rubs the surface of the alignment film in onelTrection by a cSTSh ^ 
rayon, and the liquKJ crystalline molecules are orientated in the rubbing direction Therefore vi«Sia anole r^2,r™^^ 
can be improved by making the rubbing direction different inside the pixels ^ ^ performance 

Though the rubbing ti-eatment has gained a wide application, it is the treatment that rubbs and conseouentlv dam 
ages the surface of the alignment film and involves the problem that dust is likely to occur ""'^"^^'y- 
f it »nn^!l'*.Tl!"'S torn« a concavo-convex pattern on an electrode is known as another method of restricting the pre- 
tiftangle of the hqu^ crystalline molecules in the TN mode. The liquid crystalline molecules in the ^Sy 5 theX- 
trodes are onentated along the surface having the concavo-convex pattern proximny of the elec- 

It IS known that viewing angle performance of a liquid aystal display device in the VA mod* can ho imor«..»^ k 

ti'oTj^n'^T" '"^T °* "'^ "^'^'""^ ""'"^^ inslSe^pix^t^ a of^XZerS^i' 
tons. Japanese Unexamined Patent Publication (KoKai) No. 6-301036 discloses a LCD in lich^?^ are p^id^ 
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on a counter electrode. Each aperture faces a center of a pixel electrode and oblique electric f ielcte are generated at a 
center of eacfi pixel. The orientation directions of the liquid crystalline molecules inside each pixel are divided into two 
or four directions due to the oblique electric fields. However, the LCD disclosed in Japanese Unexamined Patent Publi- 
cation (Kokal) No.6-301036 has a problem that its response (switching) speed is not enough, particularly, a response 
speed for transition from a state in which no voltage is applied to a state in which a voltage is applied is slow. A cause 
of this problem is presumed that no oblique electric field exists when no voltage is applied between the electrodes. Fur- 
ther, because a length of each area having continuously oriented liquid crystalline molecules in each pixel is a half of a 
pixel size, a time for ail liquid aystalline molecules in each area to be oriented in one direction becomes long. 

Further. Japanese Unexamined Patent Publication (Kbkai) No 7-199193 discloses a VA LCD in which slopes hav- 
ing different directions are provided on electrodes and the orientation directfons of the liquid crystalline molecules inside 
each pixel are divided. However, according to the disclosed constitutions, the vertical alignment film formed on the 
slopes are rubbed, therefore, the VA LCD disclosed in Japanese Unexamined Patent Publication (Kokai) No-7-l99193 
also has the above-mentioned problem that dust is likely to occur. Further, according to the disclosed constftutfons the 
size of the slopes is a half of the pixel, therefore, all liquid crystalline molecules faces the slopes are inclined a good 
black display cannot be obtained. This causes a reduction of contrast. Further, inclination angles of the slopes are small 
because two or four slopes are provided across each pixel. It is found that the gentle slopes cannot fully define the ori- 
entation directions of the liquid crystalline molecules. In order to realize steep slopes, it is necessary to increase a thick- 
ness of a structure having slopes. However, when the thickness of the structure becomes large, charges accumulated 
on the structure becomes large. This causes a phenomenon that the liquid crystalline molecules do not change their 
onentations when a voltage is applied due to the accumulated charges. This phenomenon is so-called a bum 

As described above, there are some problems to realize a division of orientation directions of the liquid crystalline 
molecules for improving the viewing angle performance in the VA LCD. 

It is desirable to improve a viewing angle characteristic of a VA liquid crystal display, and to realize a VA liquid crys- 
tal display exhibiting a viewing angle characteristic that is as good as the one exhibited by the IPS mode or better than 
It while permitting the same contrast and operation speed as the conventional liquid crystal displays 

According to an embodiment of the present invention, in the VA mode employing a conventfonal vertical alignment 
ilm and adopting a negative liquid crystal as a liquid crystal material, a domain regulating means is included for regu- 
latirig the onentation of a liquid crystal in which liquid crystalline molecules are aligned obliquely when a voltage is 
apphed so that the onentation will include a plurality of directions within each pixel. The domain regulating means is pro- 
vided on atleastone of the substrates. Further, at least one of domain regulating means has inclined surfaces (slopes) 
The inclined surfaces include surfaces which are almost vertical to the substrates. Rubbing need not be performed on 
the vertical alignment film. neuuM 

In the VA LCD device, when no voltage is applied, in almost all regions of the liquid crystal other than the protru- 
mol^ i» ."^ecu'es are aligned nearly vertically to the surfaces of the substrates. The liquid crystalline 

molecules near the inclmed surfaces also orientates vertically to the inclined surfaces, therefore, the liquid cr^talline 

r fi^-®?.^ "^^^^ "''"''^ "^^^^ «» according to an elecWc field 

sfrength. Since the electric fields are vertical to the substrates, when a direction of fit is not defineJby carrying o^ rS- 

TJrH^ r i "^^""^ "w'ecules. surrounding liquid aystalline molecules are tilted in the directions of the 

K ""^^^ "^"'"^ '^^^"^ the liquid crystalline 

tW^^^d^^IInc I? P;^^"^^'^ « -°««9« increased, the negative liquid crystalline molecules are 

tilted in directions vertical to the electric fields. 

tallinf m"!!!!^^^.?^^' ^Hf"^ .^"'^'^ °* ^ ""^^^ for detemiining azimuths in which the liquid crys- 

i ho JT r t ^^"^ application of a voltage. The inclined surfaces need not have large area. With srSl 
ncl ned surfaces^ when no voltage is applied, the liqukl crystalline molecules in almost all the regior« of the liquid-SS 

perfect black display. Thus, a contrast can be raised. ' 
Reference will now be made, by way of example, to the accompanying drawings, in which: 

Figs. 1 A and IB are diagrams for explaining a panel stnicture and an operational principle of a TN LCD 

Fjgs. 2A to 2C are diagrams for explaining a change of viewing according to a change of viewing angle in the TN 

Figs. 3A to 3D are diagrams for explaining an IPS LCD- 

aL' Z^ZZl^S^O^'"'" " ' "^"^'^ "'"^ ^'^^"^ « '^"^ '^y^' 

Fig. 5 is a diagram showing a gray-scale reversal areas in the IPS LCD 

Figs. 6A and 6B are diagrams showing examples of changes in display luminance levels of display in relation to the 
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polar angle; 

Figs. 7A to 7C are diagrams tor explaining a VA LCD and problems thereof; 

Figs. 8A to 8C are diagrams for explaining rubbing treatment: 

Figs. 9A to 9C are diagrams for explaining principles of the present inventbn; 

Figs. 10A to IOC are diagrams for explaining detemnination of an orientation by protrusions; 

Figs. 1 1 A to 1 1 C are diagrams showing examples of the protrusions; 

Figs. 12A to 12C are diagrams showing examples of realizing the domain regulating means; 

Fig. 13 is a diagram showing overall configuration of a liquid crystal panel of the first embodiment; 

Figs. 1 4A and 14B are diagrams showing the structure of a panel in accordance with a first embodiment; 

Fig. 1 5 is a diagram showing the relationship between a pattern of protrusions and pixels in the first emtxxJiment; 

Fig. 16 IS a diagram shovnng the pattern of protrusions outside a display area of the first embodiment; 

Fig. 1 7 is a sectional view of the LCD panel of the first embodiment; 

Figs. 18A and 18B are diagrams showving the position of a liquid-aystal injection port of the LCD panel of the first 
embodiment; 

Fig. 19 is a diagram showing contours of protrusions in a prototype of the first embodiment defined by performing 
measurement using a tracer type coating thickness meter; 

Figs. 20A and 20B are diagrams indicating a change in response speed according to a change of spacing between 
protrusions in the panel of the first emtjodiment; » k y 

Fia 21 is a diagram indicating a change in switching speed according to a change of spacing between protrusions 
in the panel of the frst embodiment; 

Fig. 22 is a diagram showing a viewing angle characteristic of the panel of the first embodiment; 
Figs. 23A to 23C are diagrams showing changes in display luminance levels of the panel of the first embodiment- 
Figs. 24A and 248 are diagrams showing changes in display luminance levels of the panel of the first errtxxJiment 
Fig. 25 IS a diagram showing a viewing angle characteristic of the panel of the first embodiment having a phase- 
difference film; ^ 

Figs. 26A to 26C are diagrams showing changes in display luminance levels of the panel of the first embodiment 
having a phase-difference film; 

Fig. 27 is a diagrarh for explaining occurrence of light leakage near the protrusions; 
Fig. 28 is a diagram showing a change in transmittance according to a change of ^lied voltage 
Fig. 29 is a diagram showing a change in contrast ratio according to a change of applied voltage 
Rg. 30 IS a diagram showing a change in transmittance of white display according to a change of height of protru- 
sions in the panel of the first embodiment; W y Miuuu 
Fig. 31 is a diagram showing a change in transmittance of black display according to a change of height of protru- 
sions in the panel of the first embodiment; a H^tu 

r?th! r K^^"" ^ ""^^"^^ "^^"^'^^ according to a change of height of protrusions in the panel 

or ine iirst omooaiment; 

Fig. 33 is a diagram showing a pattern of protrusions of the second embodiment; 
Fig. 34 IS a diagram showing a pattern of protrusions of a third embodiment; 
Fig 35 is a diagram showing a modification of the pattern of protrusions of the third embodiment- 
Fig. 36 IS a diagram showing an alignment of liquid crystalline molecules near apices of the protrusions- 
Figs. 37A and 37B are diagrams showing shapes of protrusions of a fourth embodiment; protrusions 
Figs. 38A and 38B are diagrams showing a structure of a panel of a fifth embodiment- 
Fig. 39 IS a diagram showing a pattern of slits of a pixel electrode of the fifth embodirr^enf 
Fig. 40 IS a diagram showing an example of alignment of liquid cr/stalline molecules at a 'connection of slits- 
Fig. 41 IS a diagram showing generations of domains in the panel of the fifth embodiment- 
Fig. 42 is a diagram showing shapes of protrusions and slits of a sixth embodiment" 

elSbSimen?^^'*"" ^'^"^ generations of domains at corners of the protrusions alid slits in the panel of the sixth 
Fig. 44 is a plan view of pixel portion in a LCD panel of the sixth embodiment 
Fig. 45 is a diagram showing a pattern of pixel electrodes of the sixth embodiment- 
Fig. 46 IS a sectional view of the LCD panel of the sixth embodiment- 

Fioc*Ll ? '^T^r^ l^"^ ^ ^^"^ ^"3'® Characteristic of the panel of the sixth embodiment; 

FiS Inf^ir "^'^ ""^"^ ^'P^y luminance levels of the panel of the sixth embodiment- 

Fios' anS .OR T ^"^"^ 'T"' ^ modtfication of pattern of pixel electrodes of the sixth embodiment 

Fig. 51 is a plan view of pixel portion in a LCD panel of the seventh embodiment 
Fig. 52 IS a diagram showing a structure of a panel of an eighth embodiment; 
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Figs. 53A to 53J are diagrams showing a process for producing a TFT substrate of the eighth embodiment; 

Fig. 54 is a diagram showing a pattern of protrusions a panel of a ninth embodiment; 

Fig. 55 is a plan view of pixel portion in a LCD panel of the ninth embodiment; 

Fig. 56 is a diagram showing a modification of pattern of protrusions of the ninth embodiment; 

Figs. 57A and 57B are diagrams for explaining influences of oblique electric fields at edges of an electrode; 

Fig. 58 is a diagram for explaining a problem occun-ed in a structure using zigzag protrusions; 

Fig. 59 is a diagram showing in enlarged form the neighborhood of a portion where a schlieren structure is 

observed; 

Fig. 60 is a diagram showing a region where response speed are reduced; 

Figs. 61 A and 61B are sectional views of the portions where the response speed s reduced; 

Figs. 62A and 62B are diagrams showing a fundamental arrangement of a protrusion with respect to an edge of 

pixel electrode in a tenth embodiment; 

Fig. 63 is a diagram showing an arrangement of protri^ions in the tenth embodiment; 
Fig. 64 is a detailed diagram showing a distinctive portion of the tenth embodiment; 

Figs. 65A and 658 are diagrams for explaining a change in orientation direction by irradiation of ultraviolet light; 
Fig. 66 is a diagram showing a modification of the tenth embodiment: 

Figs. 67A to 67C are diagrams for explaining desirable arrangements of the proti-usions and an edae of the oixel 
electrode; ^ 

Fig. 68 is a diagram for explaining desirable arrangements of the depressions and an edge of the pixel electrode- 
Figs. 69A and 698 are diagrams showing desirable arrangements of the protrusions and edges of the pixel elec- 
trode; 

Figs. 70A and 708 are diagran^ showing a pattern of protrusions of a eleventh embodiment: 
Fig. 71 is a diagram showing an example in which discontinuous profusions are provided in each pixel 
Fig. 72 IS a diagram showing shapes of the pixel electrodes and profusions of a twelftii embodiment- 
Fig. 73 IS a diagram showing a modification of shapes of the pixel electrodes and protrusions of a twelfth embodi- 
ment; 

Fig. 74 is a diagram showing a modification of shapes of the pixel electrodes and protrusions of a twelfth embodi- 

ment; 

Fig. 75 is a diagram showing a pattern of protrusions of a thirteenth entxxJiment; 
Figs. 76A and 768 are sectional views of the third embodiment; 

Figs. 77A and 778 are diagrams showing an operation of a storage capacitor (CS) and a structure of electrodes- 
Figs. 78A and 788 are diagrams showing an arrangement of proti-usions and CS electrodes of a fourteenth embod- 
iment; 

Figs 79A and 79B are diagrams showing an arrangement of slits and CS electrodes of a modification of the four- 
teenth embodiment; 

Figs. 80A and SOB are diagrams showing an arrangement of protrusions and CS electrodes of an another modifi- 
caton of the fourteenth embodiment; 

Figs. 81A and 81B are diagrams showing an arrangement of protrusions and CS electrodes of an another modifi- 
cation of the fourteenth emtxxfiment; 

Fig 82 is a diagram showing a pattern of protrusions of the fifteenth embodiment 

^'^^^ are diagrams for explaining alignment changes of the liquid crystalline molecules in the fifteenth 

emDOOiment; 

Fig. 84 is a diagram showing a viewing angle characteristic of the panel of the fifteenth embodiment 

eSod^eS f^LCO. and VaTcds!^'"'" " '"^ ^"^"'"'^ '^^'^ "^'^ 

Figs^ 86A and 86B are diagrams showing an arrangement of protrusions of a modification of the fifteenth embodi- 

menT, 

Fig. 87 is a diagram showing ah arrangement of protrusions of another modification of the fifteenth embodiment 
Rn «o !! f ^ arrangement of protrusions of another modification of the fifteenth embodiment 

P L o^! ^ arrangement of protrusions of another modification of the fifteenth embodiment 

Figs. 90A and 90B are diagrams showing a structure of protrusions of a sixteenth en*odimenf 
Fig. 91 IS a diagram showing an arrangement of protrusions of the sixteenth embodiment 
Figs^92A and 92B are diagrams showing a structure of a panel of a seventeenth embodiment- 
Fig. 93 IS a diagram showing a structure of a panel of a eighteenth entxxlimenf 
Fig. 94 IS a diagram showing a structure of a panel of a nineteenth errtxxfiment' 
Fig. 95 IS a diagram showing a structure of a panel of a twentieth embodiment 
Fig. 96 IS a diagram showing a structure of a panel of a modification of the twentieth embodiment- 
Fig. 97 IS a diagram showing a structure of a panel of arrother modification of the twentieth embodiment- 
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Fig. 98 is a diagram showing a structure of a panel of another modification of the twentieth embodiment; 

Figs. 99A and 99B are diagrams showing a structure of a panel of a 21st embodiment; 

Figs. 100A and 100B are diagrams for explaining an influerwe of an assembly enx)r to the alignment division; 

Figs. 101A and 101B are diagrams showing a structure of a panel of a 22nd embodiment; 

Fig. 102 is a diagram showing a structure of a panel of a 23rd embodiment; 

Figs. 103 A and 103B are diagrams showing a structure of a panel of a 24th embodiment; 

Fig. 104 is a diagram showing a pattern of protrusions to which the structure of the 24th embodiment is applied 

Figs. 1 05A and 1 05B are diagrams showing a structure of a panel of a 25th embodiment; 

Fig. 1 06 is a diagram showing a structure of a pane) in which a relationship of response time with respect to a gap 

length between protrisior^ is measured; 

Fig. 1 07 is a diagram showing the relationship of response time with respect to the gap length; 
Figs. 1 08A and 1 088 are diagrams showng a relationship of a transmittance with respect to a gap between protru- 
sions; 

Figs. 109A and 109B are diagrams showing an operatiorial principle of the 25th embodiment; 
Fig. 1 10 is a diagram showing a structure of a panel of a 26th embodiment; 
Fig. 1 1 1 is a diagram showing a viewing angle characteristic of the panel of the 26th entjodiment; 
Fig. 1 12 IS a diagram showing a pattern of protrusions of normal types; 

Fig. 1 13 is a diagram showing wavelength dispersion characteristic of ttie optical anisotropy of the liquid crystal 
Fig. 1 14 IS a diagram showwng a pattern of protrusions of a 27th embodiment; 
Fig. 1 15 is a diagram showing a relation between an applied voltage and transmittance; 
Fig. 1 16 is a diagram showing a pattern of protrusions of a 28th embodiment; 
Fig. 1 17 is a diagram showing a pattern of protrusions of a 29th embodiment- 
Fig. 1 18 is a diagram showing a pixel structure of the 29th embodiment; 
Fig. 1 19 is a diagram showing shapes of protrusions of a 30th embodiment; 

Fig. 1 20 is a diagram showing a change of transmittance according to a change of height of protrusions 
Fig. 121 IS a diagram showing a change of a contrast ratio according to a change of height of protrusions- 
Fig. 122 IS a diagram showing a change of transmittance in white level according to a change of height of orotru- 
sfons; ^ 

Fig. 123 is a diagram shomng a change of Iransmittance in black level accofding to a change of height of nrotru- 

sions; ^ 

Figs. 124A and 124B are diagrams showing pixel structures of an modification of the 30th embodiment 

Figs. 1 25A and 1 2SB are diagrams showing shapes of protrusions of a 31 st embodiment' 

Fig. 126 IS a diagram showing a relationship between a twisted angle and a thickness of liquid crystal layer in a 

panel of the VA LCD; * 9 

w ^ '1^ ^^'"9 ^ relationship between a relative luminance of white level and a retardation of liauid 

crystal in the panels of the VA LCD and TN LCD; ^uauo" w iiqun 

Fig. 128^3 diagram showing relationships between transmittances and a retardation of liquid crystal at respective 
wavelengths in the panel of the VA LCD respecnve 

Fig. 1 31 is a diagram showing a structure of a panel of a 32nd embodiment- 
Fig. 132 is a diagram showing a structure of a panel of a modification of thQ'32nd embodiment- 
Fig. 1 33 is a diagram showing a structure of a TFT substrate of a 33«J embodiment- 
Figs. 134A and 134B are diagrams showing a pattern of protrusions of the 33id embodiment- 
Fig. 1 35 is a diagram showing a structure of a panel of a 34th embodiment: 
Figs. 136A and 1368 are diagrams showing a pattern of protrusions of the '34th embodiment 

FT\^ ^'fJi!I«^l'^^^^^ ^ P'"*"""^ ^ '^^ °* 35* embodiment: 

Fig. 1 38 IS a diagram showing a structure of a TFT substrate of the 35th embodiment- 

RQs' I«i ^n^Sr^T"^ "IT"' ^""^^^ *^ '"'^"""^ ^ ^""^^'^ 36th embodiment; 
P « ^ ™ '^'^^'^ explaining a problem of dielectric substance on an electrode- 
Ngs. l41Aand 141B are diagrams showing a structure of protrusions of a 37th embodiment 
PinM?^ ^V^^ are diagrams showing a process for producing protrusions of the 37th eirtjodiment 
Fig. 1 43 is a diagram showing a structure of protrusions of a 38th embodiment- 

£■ ITrH 1"^ Jc^^ '^'^^"'^ ^ ""^"^^ °* « s*«Pe °^ a protrusion due to baking; 

tires: ^ °* °' P"*""*'"" ^"^'"0 to baking tempera- 
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Figs. 146A to 146C are diagrams showing a change of the shape of the protrusion according to a width of the pro- 
trision; 

Figs. 147A and 147B are diagrams showing protrusions and a forming condition of the vertical alignment fflm; 
Figs. 148A to 148C are diagrams showing an exanrple of a method of forming protrusions according to a 39th 
eat)odiment; 

Figs. 149A and 148B are diagrams showing an another example of a method of forming protrusions according to 
the 39th emt>odiment: 

Fig. 150 is a diagram showing an another example of a method of forming protrusions according to the 39th 
embodiment; 

Fi^. 1 5 1 A and 1 51 B are diagrams showing changes of a repellent occurrence ratio according to the ultraviolet light 
irradiation; 

Figs. 152A to 152C are diagrams showing an another exantple of a method of forming protrusions according to the 
39th embodiment; 

Figs. 153A to 153C are diagrams showing an another example of a method of forming protrusions accordlna to the 
39th embodiment; 

Figs. 154A and 154B are diagrams showing an another example of a method of forming protrusions accordinq to 
the 39th embodiment; ^ 

Figs. 1 55A and 1 55B are diagrams showing an another example of a method of forming protrusions accordino to 
the 39th embodiment; ^ 

Fig. 156 is a diagram showing a temperature condition of the method shown in Figs. 155A and 155B; 

Figs. 157A to 157C are diagrams showing an another example of a method of forming protrusions accordinq to the 

39th embodiment; 

Fig. 158 is a diagram showing a structure of a panel of a prior art provided with black matrices; 

Fig. 1 59 is a diagram showing a structure of a panel of a 40th embodiment; 

Fig. 1 60 is a diagram showing a pattern of protrusions of the 40th embodiment; 

Fig. 161 Is a diagram showing a shade pattern (black matrices) of a 41th embodiment; 

Ffg. 162 is a sectional view of a panel of the 41st embodiment: 

Fig. 163 is a diagram showing pixels and a pattern of protrusions of a 42nd embodiment- 
Fig. 1 64 IS a diagram showing a structure of a prior art panel having spacers; 

Figs. 165A and 1656 are diagrams showing structures of panels of a 43rd emliodiment and an modification thereof- 
Mgs. 166A and 166B are diagrams showing structures of panels of modifications of the 43rd embodiment- 
Fig. 1 67 IS a diagram showing a structure of a panel of a modification of the 43rd embodiment- 
Figs. 168A to 168C are diagrams showing a process of a panel of a 44th embodiment 

^'Ll^^ ^ "^'^^'^"^ ^ relationship between a scattered density of spacers and a cell gap in the 44th 

erroodiment; 

Fig. 1 70 is a diagram showing a relationship between a scattered density of spacers and generations of blemishes 
when a force is applied to the panel; 

Fi^. 1 71 A and 1 71 B are diagrams showing chemical formulas of crown added to protrusion materials so that the 
protrusions have ion absorption ability; 

♦hfnrlJ^e ^"'^ J^^^ are diagrams showing chemical formulas of kryptand added to protrusion materials so that 
the protrusions have ion absorption ability; 

th?e<i^^^ ^^^^ ^'^ structures of CF substrates of a 4Sth embodiment and a modification 

Fig. 1 74 is a diagram showing a structure of a panel of a 46th embodiment- 

elSodim^nt''"'^ ^^^^ diagrams showing structures of CF substrates of another modifications of the 4eth 
elSodim^*"™* ^^^^ '^'^^^"^ ^^"^ structures of CF substrates of another modifications of ttie 46th 
ertodi^^ert?™' '^'^^"^ ^^"'^'^ °* substrates of another modifications of the 4eth 

Fig. 1 78is a diagram showing a structure of a panel of an another modification of the 46th embodiment- 
eSxliml? '^^^ '"^^'^ ^^^"^ °* ^"^^ °* modifications of the 46th 

eiSodimert?"^ "'^^"^ ^''"^'^ °' °* ^"'^^^ modifications of the 46th 

Am^^lT "^^^"^"^ "^""^^ ^ ^ ^""^ protrusions on the CF substrate according to a 

Fig. 1 82 is a diagram showing a structure of a panel of the 47th embodiment; 
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Figs. 1 83A and 1 SOB are diagranrc showing a process for forming black matrices of the CF substrate according to 
a 48th errtbodimerrt; 

Figs. 184A and 184B are diagrams showing a structure of a panel of the 48th entxxJiment: 
Figs. 185A to 185C are diagrams showing a process for forming protrusions on the CF substrate accordino to a 
49th embodiment; ^ 
Fig. 186 is a diagram showing a structure of a panel of the 49th embodiment; 

Fig. 187 is a diagram showing a process for forming protrusions on the CF siibstrate according to a 50th embodi- 
menl; 

Figs. 1 88A and 188B are diagrams showing a structure of a panel of the 50th embodiment: 
Fig. 189 is a diagram showing a structure of a CF substrate of a 51th embodiment; 

Figs. 190A and 190B are diagrams showing structures of CF substrates of modifications of the 51th embodiment- 
Fig. 1 91 is a diagram showing structures of CF substrates of nxxlifications of the 51th embodiment 
Fig. 192 IS a diagram showing structures of CF substrates of modifications of the 511h embodiment 
Fig. 193 IS a diagram showing a structure of a panel of an another modification of the 50th embodiment 
Fig. 194 IS a diagram showing an example of a product enploying the LCD in accordance with the present inven- 
tion; 

Fig. 195 is a diagram showing a structure of the product shown in Fig. 197; 

Figs. 196A and 1968 are diagrams showing examples of arrangements of the protrusions in the product- 
Fig. 1 97 IS a flowchart shownng a process of a panel according to the present invention; 
Fig. 1 98 is a flowchart showing a process of forming protrusions; 
Fig. 199 is a diagram for explaining a process of forming protrusions by printing; 
Fig. 200 is a diagram showing the configuration of a liquid-crystal injection apparatus; 

Figs. 201 A and 2018 are diagrams showing examples of the positions of liquid-crystal injection ports of the LCD 
panel; 

Figs. 202A and 202B are diagrams showing examples of the positions of liquid-crystal injection ports of the LCD 

panel; 

Figs. 203A and 203B are diagrams showing examples of the positions of liquid-crystal injection ports of the LCD 

panel; 

Fig. 204 is a diagram showing a structure of electrodes near the liquid-crystal injection port in the panel of the 
present invention ; 

VA LCa ^ *° diagrams for explaining a defect due to contamination by pdyurethane resin and skin in the 

Fig. 206 is a diagram showing a relationship between a size of polyurethane resin particulate and a size of defective 

area , 

S^nfi'rfi'!^'^ ^''^'"^ a simulation result of a relationship between a display frequency and an effective 
voltage at respective specrfic resistances; 

Fig. 208 is a diagram showing a simulation result of a discharge time at respective specific resistances 

Fig. 209 IS a diagram showing a simulation result of a discharge time at respective specific resistances' 

Pig. 210 IS a diagram showing a fundamental constitution of the prior art VA LCD; 

Fig. 211 is a diagram showing a viewing angle characteristic (contrast ratio) of the prior art VA LCD- 

Fig. 2 2 is a diagram showing a viewing angle characteristic (gray-scale reversal) of the prior art VA LCD- 

Rn III !! I T^'^"" T^"^ ^ fundamental constitution of the panel of acco«ling to the present invention; 

Fig. 214 IS a diagram showing a viewing angle characteristic (contrast ratio) of present invention- 

fS' III '! I T^'^"" fhow^ng a viewing angle characteristic (gray-scale reversal) of present invention; 

rig. 2 16 IS a diagram for explaining characteristics of a retardation film; 

Fig. 217 is a diagram showing a constitution of a panel of a 52nd embodiment- 

F^' III t ! T^'^"" ^ "^^'"^ ^"^'^ characteristic (gray-scale reversal) of the 52nd embodiment- 

f2' IZ Z I T^"" ^ ""^'^ characteristic (gray-scale reversal) of the 52nd embodiment' 

r^.^ '^If"^^ ^"^"^ « relationship of a polar angle at which a predetermined value of contra^ can be 
obtained with respect to a retardation in the 52nd embodiment; conirasi can oe 

Fig. 221 is a diagram showing a constitution of a panel of a 53rd embodiment 

fS' ?S !! f J'f T^"^ ^ "^^'"^ ^"^'^ characteristic (gray-scale reve^al) of the 52rd embodiment- 
FiQ S ! I H-^ ^ "^'"^ ^"^'^ characteristic (gray-scale reversal) of the 52rd embodime J 

S,in!i ".I'^'^sram showing a relationship of a polar angle at which a predetermined value of contraS can be 
obtained with respect to a retardation in the 53rd embodiment; ue or comrasi can oe 

Fig. 225 is a diagram showing a constitution of a panel of a 54th embodiment- 

ohteinS =^°*^"9 « relationship of a polar angle at which a predetermined value of contrast can be 

obtained with respect to a retardation in the 54th embodiment- conirasi can oe 
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Fig. 227 is a diagram showing a change of an upper limit to the optimum condition regarding contrast with respect 
to a retardation in the 54th embodiment. 

Fig. 228 is a diagram showing a change of a polar angle at which no gray-scale reversal is generated with respect 
to a retardation in the 54th emtxxliment; 

Fig. 229 s a diagram showing a change of an upper limit to the optimum condition regarding gray-scale reversal 
with respect to a retardation in the 54th emtxxliment; 

Fig. 230 is a diagram showing a viewing angle characteristic (gray-scale reversal) of the 55th entxxiiment; 
Fig. 231 is a diagram showing a viewing angle characteristic (gray-scale reversal) of the 55th emtxxliment; 
Fig. 232 is a diagram showing a constitution of a panel of a Seth entxxliment; 

Fig. 233 is a diagram showing a viewing angle characteristic (gray-scale reversal) of the 56th embodiment; 
Fig. 234 is a diagram showing a viewing angle characteristic (gray-scale reversal) of the 56th embodiment- 
Fig. 235 is a diagram showing a relationship of a polar angle at which a predetermined value of contrast can be 
obtained with respect to a retardation in the 56th embodiment; 
Fig, 236 is a diagram showing a constitution of a panel of a 57th embodiment; 

Fig. 237 is a diagram showing a viewing angle characteristic (gray-scale reversal) of the 57th embodiment: 
Fig. 238 is a diagram showing a viewing angle characteristic (gray-scale reversal) of the 57th embodiment; 
Fig. 239 IS a diagram showing a relationship of a polar angle at which a predetermined value of contrast'can be 
obtained with respect to a retardation in the 57th embodiment; 
Fig. 240 is a diagram showing a constitution of a panel of a 58th embodiment; 

Fig. 241 is a diagram showing a viewing angle characteristic (gray-scale reversal) of the 58th embodiment; 
Fig. 242 IS a diagram showing a viewing angle characteristic (gray-scale reversal) of the 58th en^iment- 
Fig. 243 IS a diagram showing a relationship of a polar angle at which a predetermined value of contrast'can be 
obtained with respect to a retardation in the 58th embodiment; 
Fig. 244 is a diagram showing a constitution of a panel of a 59lh embodiment; 

Fig. 245 is a diagram showing a viewing angle characteristic (gray-scale reversal) of the 59th embodiment- 
Fig. 246 IS a diagram showing a viewing angle characteristic (gray-scale reversal) of the 59th embodiment- 
Fig. 247 IS a diagram showing a relationship of a polar angle at which a predetermined value of contrast'can be 
obtained with respect to a retardation in the 59th embodiment; 

f'^* a diagram shomng a change of an upper limit to the optimum condition regarding contrast with respect 
30 to a retardation in the 59th embodiment; 

Fig. 249 is a diagram showing a viewing angle characteristic of a panel of the 32th embodiment 

Rg. 250 IS a diagram showing a change of an ion density when an ion absorption treatment is applied to the pro- 

trusions; ^ 

Figs 251 A to 251D are diagrams showing a process of a method of a panel of a modification in the 5lst embodi- 

35 ment; 

Figs. 252A and 252B are diagrams showing a pattern of protrusions and a sectional structure of the panel of the 

second emDodimeni; 

Fig. 253 is a diagrarn showing a pattern of protrusions of an another modification of the second errtodimenf 

1 "® di^Q'^ showing a pattern of protrusions and a sectional structure of the panel of the 

sixteentn embodiment; 

Fig. 255 is a detailed diagram showing a distinctive portion of a modification of the tenth embodiment. 

crJ^^l^"^^^"^ ^, t detailed description of the preferred embodiments of the present invention, a prior art liquid 
« Sr!d S i ioH!? ^^"^ *° " """" ^"der^tanding of .he differences ben^een the present JJ- 

Figs. 1 A and 1 B are diagrams for explaining the structure and principles of operation of a panel of the TN LCD As 
f rZn" ' ^■J!' "^'""'"^ "'^^^^ °" ♦^^^'^"^ 1 2 and 13 fonSd on gSi^bs^at^ 

ielS bT^Mo'^S liquid cryst^line molecules on the tv«, suSraS 

are stiifted tjy 90 to each other, and a TN liquid crystal is sandwiched between the transparent electrodes Due to the 
IT!^^ f'e '^uid crystal. liquW crystalline molecules in contact with the afignmentlSis are a?g^ in tSe 2^r^ 
tions o^ the onentation defined by the alignment films. The other fiquid crystalline molecules are aligneSIn te^^e 
aligned moleailes. Consequently, as shown in Rg. 1 A. the liquid crystalline molecules are aligned ^^i^S^TZ 
Two sheet polarize,. 1 1 and 15 are located in parallel with the direc«ons of the orientation d^nXtelJSnt 



50 



55 
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Next, as shown in Fig. 1 B, when a voltage is applied to the electrodes 1 2 and 1 3 and thus applied to the liquid crys- 
talline molecules, the liquid crystalline molecules erect themselves to untwist However, on the surfaces of the align- 
ment films, since an orientation control force is stronger, the orientation of the liquid crystal remains matched with the 
orientation defined by the alignment films. In this state, the liquid crystalline molecules are isotropic relative to passing 
light. The linearly-polarized light incident on the liquid-crystal layer will therefore not tum the direction of polarization 
The linearly-polarized light passing through the upper sheet polarizer 1 1 cannot therefore pass through the lower sheet 
polarizer 1 5. This brings about a dark state. Thereafter, when a state in which no voltage is applied is resumed, display 
is returned to the bright state owing to the orientation control force. 

The technology of manufacturing the TN TFT LCD has outstandingly advanced in recent years Contrast and color 
0 reproduability provided by the TN TFT LCD have surpassed those offered by the CFTT. However, the TN LCD has a crit- 
ical drawback of a narrow viewing angle range. This poses a problem that the application of the TN LCD is limited. Figs. 
2A to 2C are diagrams for explaining this problem. Rg. 2A shows a sfate of white display in which no voltege is applied. 
Fig. 2B shows a sfate of halftone display in which an intermediate voltege is applied, and Fig. 2C shows a sfate of black 
display in which a predetermined voltage is applied. As shown in Fig. 2A. in the state in which no volfage is applied 
. liquid aysfalline molecules are aligned in the same cfirection with a slight inclination (about 1 " to S'). In reality, the mol- 
ecules are twisted as shown in Fig. 1 A. For convenience' sake, the molecules are illustrated like Fig. 2A In this sfate 
light IS seen nearly white in any azimuth. Moreover, as shown in Fig. 2C. in the sfate in which a volfage is applied inter- 
mediate liquid crysfalline molecules except those located near the alignment films are aligned in a vertical direction 
Incident linearly-polarized light is therefore seen black but not twisted. At this time, light obliquely incident on a screen 
(panel) has the direction of polarization thereof twisted to some extent because it passes obliquely through the liquid 
crystalline molecules aligned in the vertical direction. The light is therefore seen halftone (gray) but not perfect black As 
shwn in Fig. 2B. in the state in which an intermediate voltege lower than the voltege applied in the sfate shown in Rg 
20 IS applied, the liquid crysfalline molecules near the alignment films are aligned in a horizontal direction but the liquid 
crystalline molecules in the middle parts of cells erect themselves halfway. The birefringent property of the Uquid aystel 
IS lost to some extent. This causes a transmittance to deteriorate and brings about halftone (gray) display. However this 
refers only to light incident perpendicularly on the liquid-crystal panel. Obliquely incident light is seen differently, that is 
light IS seen differently depending on whether it is seen from the left or right side of the drawing. As illustrated the liquid 
crystalline molecules are aligned mutually parallel relative to light propagating from right below to left above. The liquid 
crystal hardly exerts a birefringent effect. Therefore, when the panel is seen from left, it is seen black. By contrast the 
lK,uid crystalline molecules are aligned vertically relative to light propagating from left below to right above. The liquid 
''2! 1®''! 1^'^* birefringent effect relative to incident light, and the incident light is twisted. This results in nearly 
whne display Thus, the most critical drawback of the TN LCD is that the display sfate varies depending on the viewing 

.ooJooT '° ^"'"^ ^® problem. Japanese Examined Patent Publication (Kokai) Nos. 53-48452 and 1- 
11 fp| ?rn ^^^f ^" ""S^ ^"^^"^ ^ """^ '^^'^ *° ^ ^" "'S '''9=- ^ 3° are diagrams for explaining 
fnni I! p Jf ""^ ^'"^ "° '^'S- is a top view thereof with no voltage 

applied. Rg^ 3C is a side view thereof with a voHage applied, and Fig. 3D is a top view wHh a voltege applied In the IPS 
mode^ as shown in Figs. 3A to 3D. slit-like electrodes 18 and 19 are formed in one substrate 1 7, andTliquid crystelline 
molecules existent in a gap between the sirt-like electrodes are driven with electricffelds induced by a transveree elec- 
tln^^ ""f ^^'^^ '^'^'^'^^ anisotropy is used to make a liquid crysfal 14. When no electric field 

oMh. ^"f *" ^0 3«9" the llqukl crysfaBine molecules homogeneously so that the major 
^fh f ?! ""'^f'"^ molecules will be nearly parallel to the longitudinal direction of the electrodes 18 and 19 
l^ontll h^^h"*^ • 'T^ "^^'"'^^ ^'^ homogeneously aBgned with an azimuth of 1 5- relative to 

tT^^rt "^ I '^-^^ **,^P'''=^«°" o* ^ ^o't^9«. «"^"t- 'n this Sfate, when a voltage is applied to the slit- 

f^o^rS'tt' '^V'^' ^''^ ^W-'i"* electrodeslJange thefr on- 

emation so that tt^e major axes thereof will be turned 90° relative to the longitudinal direction of the slit-like electrodes 

S^raz!:;! ? orienfatonally processed so that liquid crystalline mole^es ISl bXS 

r ^ TT. K '^^^"^ *° longitudinal direction of the slit-like electrodes, liquid crysfalline molecules nw^ 

k!S crysfalline molecules are therefore aligned while twisted from the upper substrate 16 to the 

tower substrate 17. In this kind of liquid crysfal display, when the sheet polarizers 11 and 15 aS^placWon ar^\J^^ 
tt^ea^bstra es 16 and 1 7 respectively so that the axes of transmission thereof will be orthogonal to eSi St^^ 

° transmission of one sheet pofarizer is made parallel to the major axes of the Suid o^m^^Z^S 
bfack display can be attained wrth no volfage applied, and white display can be attained wit?a voltege appli^ ■ 
h ^ . above, the IPS mode is characterized in that the liquid crystalline molecules do nrt er^themselves 

" l*^^^^^^ the TN mode or the like, when the liquid crysfalline moleSlS^erS^iS^ 

the birefringent property of the liquid crystal varies depending on a direction of an viewing angte aiSa^obie^u? 
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When the liquid crystalline molecules are turned in the transverse direction, the birefringent property hairJIy varies 
depending on a direction. This results in very good viewing angle characteristics. Howrever, the IPS mode has another 
problems. One of the problems is that a response speed is quite low. The reason why the response speed is low is that 
although a gap between electrodes in the normal TN mode In which Uquid crystalline molecules are turned is 5 microm- 

5 eters. the gap in the IPS mode is 1 0 micrometers or more. The response speed can be raised by narrowing the gap 
between the electrodes. However, since electric fields of opposite polarities must be applied to the adjoining electrodes 
in the IPS mode, when the gap between the electrodes is narrowed, a short circuit occurs to bring about a display 
defect. For this reason, the gap between the electrodes cannot be nan-owed very much. Besides when the gap 
between the electrodes is narrowed, the ratio In area of the electrodes to display gets large. This poses a problem that 

)o a transmittance cannot be improved. 

As mentioned above, the IPS mode suffers from slow switching. At present, when a motion picture representing a 
fast motion is displayed, drawbacks including a drawback that an image streams take place. In an actual panel there- 
fore, for improving the response speed, as shown in Figs. 3B and 3D, the alignment film is not rubbed parallel to the 
electrodes but rubbed In a direction shifted by about 15«. For realizing horizontal alignment, when an agent is merely 
>5 applied to the alignment film, liquid cr/Gtalline molecules are arrayed freely leftward or rightward and cannot be aligned 
in a predeterrmned direction. Rubbing is therefore carried out lor rubbing the surface of the alignment film in a certain 
direction so «iat the liquid crystalline molecules will be aligned in the predetermined direction. When rubbing is carried 
out in the IPS mode, if rubbing proceeds parallel to the electrodes, liquid crystalline molecules near the center in the 
gap between the electrodes are slow to turn to the left or right with application of a voltage, and therefore slow to 
'° to <he application. Rubbing is therefore, as shown In Figs. SB and 3D. carried out in a direction shifted by about 

15 in order to demolish right-and-left uniformity However, even when the direction of rubbing is thus shifted since the 
response time permitted by the IPS mode is twice longer than the one permitted by the TN mode, the response speed 
IS very ow. Moreover, when rubbing is can-ied out in the direction shifted by about 15^ a viewing angle characteristic of 
l^?Jr^ not become uniform between the right and left sides of the panel. Grayscale reversal occurs relative to a 
?5 specified angle of a viewing angle range. This problem will be described with reference to Figs 4 to 6B 

/«, iTxii^ ^ fr^u °< 3 «o«*inate system employed in studying viewing of a liquid crystal display 

(of the IPS type herein). As illustrated, a polar angle 6 and azimuth 4> are defined in relation to substrates 16 and 17 
electrodes 18 and 19, and a liquid crystalline molecule 4. Fig. 5 is a diagram showing a gray-scale reversal character- 
^ic of a panel concerning a viewing angle. A gray scale from white to black is segmented into 8 gray-scale levels 
'^""^ '^^^ « <=^^a"8e in luminance is examined by varying the polar angle 0 and 

az^uth ^ are shown in F.g. 5. In the drawing, reversal occurs at fours hatched areas. Figs 6? and 68 are Siagr^ 
showing examples of changes in luminance of display of 8 gray-scale levels in relation to the polar angle e with the azl- 

with high luminances, that is. when white luminance deteriorates with an increasing value of the polar angle 6 Black 

t':TpTmc;dTh^.°oS?"^rf'''''""f""^ 

K H gray-scale reversal occurs in four azimuths. Furthermore, the IPS mode has a prob- 

lem that rt IS harder to manufacture the IPS LCD than the TN LCD. Thus, in the IPS mode, any of the other character- 
istics suchas a fransmittance. a response speed and productivfty, is sacrificed for the v.ev«ng angle chara^JiS 
AS mentioned above, the I PS mode that has been proposed as an alternative for solving the problem on the vLno 
' angle charactenstc of the TN mode has the problem that the characteristics offered by tSe IPS rnc^T Xr thTt^e 

posed. Figs^ 7A to 7C are diagrams for explaining the VA mode. The VA mode is a mode using a negative liquid crystal 
material and vertical alignment film. As shown in Fig. 7A, when no voltage is applied, liquid cr^£ mo^^uli le 
aligned in a vertical direction and black display appears. As shown in Fig. 7C. wS a preSettriS rftaTetSiST 
1« ^l-y^""^ J:'*"^^"'^^ aligned in a horizontal direction and whrte display appears. A TnSS 

T^^l T'' ^ s^ed at iSSck level ?S high^^e 

VA mode is therefore attracting attention as a novel mode for a liquid crystal display. 

tho rt^c'T'l' P'*'^'" ^ ^'^ conceming halftone display, that is a problem that 

a voltage to be applied for white display is applied. In this case, as shown in Fig. 78. liquid cryslallinTrnole^i^e 
from right below point to left above. The liquid crystal Is therefore seen black when vlew^from J^eTeft STS^^S 

al^SlSTrnf " •""^'^ "'^^^^ °" '^^ contrast" ^Sni mo^cu L S 

aligned vertcally to light propagating from left below to right above The liquid crystal e«rts a aVeat tAr^rllZ^^ 

d^iZ^L 7 °^ ^ "r"^ Characteristic, because even when no voltage is applied liq^d crSne m<Sl 
cules near an alignment film are aligned nearly vertically However, the VA mode Is noUeSnSVupToMrme PS 
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mode in terms of ttie viewing angle characteristic. 

It is kno¥wi that viewing angle performance of a liquid crystal display device (LCD) in the TN mode can be improved 
by setting the orientation directions of the liquid crystalline molecules inside pixels to a plurality of mutually different 
directions. Generally, the orientation direction of the liquid crystalline molecules (pre-tilt angles) which Keep contact with 
a substrate surface in the TN mode are restricted by the cfirection of a rubbing treatment applied to the alignment film. 
The rubbing treatment is a processing which rubs the surface of the alignment film in one direction by a doth such as 
rayon, and the liquid crystalline molecules are orientated in the rubbing direction. Therefore, viewing angle performance 
can be improved by making the rubbing direction difterert inside the pixels. Figs. 8A to 8C show a method of making 
the rubbing direction different inside the pixels. As shown in this drawing, an alignment film 22 is formed on a glass sub- 
> strate 16 (iwhose electrodes, etc., are omitted from the drawing). This alignment film 22 is then bought into contact with 
a rotating rubbing roll 201 to execute the rubbing treatment in one direction. Next a photo-resist is applied to the align- 
ment film 22 and a predetermined pattern is exposed and developed by photolithography. As a result, a layer 202 of the 
photo-resist which is patterned is formed as shown in the drawing. Next, the alignment film 22 is brought into contact 
with a rubbing roll 201 that is rotating to the opposite drection to the above so that only the open portions of the pattern 
are rubbed. In this way, a plurality of regions that are subjected to the rubbing treatment in different directions are 
formed inside the pixel, and the orientation directions of the liquid crystal become plural inside the pixel. Incidentally the 
rubbing treatment can be done in arbiti-arily different directions when the alignment film 22 is rotated relative to the rub- 
bing roll 201. 

Though the rubbing f eatinent has gained a wide application, it is the ti-eatment that rubbs and consequentiy, dam- 
ages, tiie surface of the alignment film and involves the problem that dust is likely to occur. 

A method which forms a concavo-convex pattern on an electrode is known as another method of restricting the pre- 
m angle of the liquid crystalline molecules in the TN mode. The liquid crystalline molecules in the proximity of the elec- 
trodes are orientated along the surface having the concavo-convex pattern. 

Figs. 9A to 9C are diagrams for explaining the principles of the present invention. According to the present inven- 
tion, as shown in Figs. 9A to 9C, in the VA mode en^loying a conventional vertical alignment film and adopting a neg- 
ative liquid crystal as a liquid crystal material, a domain regulating means is included for regulating the orientation of a 
liquid crystal in which liquid crystalline molecules are aligned obliquely when a voltage is applied so that the orientation 
will include a plurality of directions within each pixel. In Figs. 9A to 9C, as the domain regulating means, electrodes 12 
on an upper substrate are slitted and associated with pixels, and an electrode 13 on a lower substrate is provided wittn 
protrusions (projections) 20. 

As shown in Rg. 9A, In a state in which no voltage is applied, liquid crystaMine molecules are aligned vertically to 
the surfaces of the substrates. When an Intermediate voltage is applied, as shown in Fig. 9B. electric fields oblique to 
the surfaces of the substrates are produced near the slits of the electrodes (edges of the electrodes). Moreover liquid 
crystalline molecules near the protrusions 20 slightly tilt relative to their state attained with no voltage applied The 
inclined surfaces of the protrusions and the oblique electric fields determine the directions in which the liquid crystalline 
molecules are tilted. The orientation of the liquid crystal is divided into different directions along a plane defined by each 
pair of protrusions 20 and tiie center of each slit. At this time, for example, light transmitted from immediately below to 
immediately above is affected by weak birefringence because the liquid crystalline molecules are slightly tilting Conse- 
quently, he transmission of light is suppressed and halftone display of gray appears. Ught transmitted from right above 
to left below IS hardly transmitted by a region of the liquid aystal in which liquid crystalline molecules are tilting leftward 
white the light IS qurte readily ti-ansmitted by a region thereof in which liquid crystalline molecules are tilting rightward' 
On ttie average, halftone display of gray appears. Ught transmitted from left below to right above contributes to gray dis- 

r JL^ same principles. Consequently, homogeneous display can be attained in all azimuths. Furtherrrore 
when a predetermined voltage is applied, liquid crystalline molecules become nearly horizontal as shown in Fig. 9C 
White display appears. Thus, in all states of black display, halftone display, and white display, excellent display with litUe 
dependency on a viewing angle can be attained. 

n^.i^^'J'^J^'^ T ^® '^'^^^"'^ «^'«*™"9 determination of an orientation by protrusions of dielectric 
wf Re^S^ tfFr„".?nf 'S'fr,^ "«te"als are insulating materials of low dielec- 

trie. Referring to Figs. 10A and 10B. an orientation determined by the proti-usions will be discussed 

nn. ITJ^'?^ V ^^^^^^"ate'y o" t^'e electrodes 12 and 1 3, and coated with the vertical alignment films 22 A 
hquKJ crystal employed is of a negative type. As shown in Fig. lOA. when no voltage is applied, the vertical XnmerS 

iSr? f "^"^^^ ^'^"""^ '"^ ^"^"^ "^^"^^ the protrusions 20 try to align 

'T^ ^"T^ P^°*~«°^- crystalline molecules near the protrusions ^eTherefoS 

:isrrbS:x?ay"r2;;ja:."'^^"'"''^^ 

When a voltage is applied, the distribution of electric potentials in the liquid^rystal layer is as shown in Fig. 1 0B. In 
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the regions of the liquid-crystal layer without the protrusions, the distribution is parallel to the substrates (electric fields 
are vertical to the substrates). However, the distribution is inclined near the protrusions. When a voltage is applied, as 
shown in Figs. 7B and 7D, the liquid crystalline molecules tilt according to an electric field strength. Since the electric 
fields are vertical to the substrates, when a direction of lilt is not defined by canying out rubbing, the azimuth in which 
the liquid crystalline molecules tilt due to the electric fields includes all directions of 360-. If there are pre-lilted liquid 
crystalline molecules as shown in Fig. lOA. surrounding liquid crystalline molecules are tilted in the directions of the 
pre-tiited liquid crystalline molecules. Even when rubbing is not carried out, the directions in which the liquid crystalline 
molecules lying in gaps between the protrusions can be restricted to the azimuths of the liquid aystalline molecules in 
contact wHh the surfaces of the protrusions. As shown in Fig. 1 0B. the electric fields near the protrusions are inclined 
0 in directions in which they become parallel to the inclined surfaces of the protrusions. When a voltage is applied, the 
negative liquid crystalline molecules are tilted in directions vertical to the electric fields. The directions corresporid to 
the directions in which the liquid crystalline molecules are pre-tilted because of the protrusions. Thus, the liquid crystal- 
line molecules are aligned on a stabler basis. The slope of the protrusions and the electric fields in the proximity of the 
inclined surfaces of the protrusions contrtoute to stable alignment. Furthernwe, when a higher voltage is applied the 
; liquid crystalline molecules become nearly parallel to the substrates. 

As mentioned above, the protrusions fill the role of a trigger for detennining azimuths in which the liquid crystalline 
molecules are aligned with application of a voltage. The protrusions need not have inclined surfaces (slopes) of large 
area. For example, the inclined surfaces over the whole pixel are unnecessary. However, if the size of the inclined sur- 
faces IS too small, the effect of the slope and electric field are not available. Therefore, the width of the inclined surfaces 
are required to be determined according to the materials and shape of the protrusions. Because a good result is 
obtained when the width of the protrusions is 5 urn. This means that when the width of the protrusions is larger than 5 
urn. a good result can be certainly obtained. With small inclined surfaces, when no voltage is applied, the liquid crystal- 
line molecules in almost all the regions of the liquid-crystal layer except the protrusions are aligned vertically to the sur- 
faces of the substrates. This results in nearly perfect black display Thus, a contrast ratio can be improved 

When the sections of the protrusions are rectangular, the side surfaces are almost vertical to the substrates These 
side surfaces also operate as the domain regulating means. Therefore, the surfaces vertical to the substrates are 
included in the inclined surfaces. 

The tilting direction of the orientation of the liquid crystal is decided by domain regulating means. Fig 1 1 shows the 
onentation direction when protrusions are used as the domain regulating means. Fig. 11 A shows a bank having two 
slopes and the liquid crystalline molecules are oriented in two directions different from each other at an angle of 180 
degrees with the bank being the boundary. Fig. 1 1B shows a pyramid and the liquid crystalline molecules are oriented 
in four directions different from one another at an angle of 90 degrees with the apex of the pyramid being the boundary. 
Fig. 1 1 C shows a hemisphere and the orientation of the liquid crystalline molecules assumes symmetry of rotation with 
the axis of the hemisphere perpendicular to the substrate being the center. In the case of Rg. 11C. the display state 

«T« ^" *® "'^'"^ ^"3'®' " « 'a^er number of domains or directions 

IS better. When the retetionship to the direction of polarization offered by a sheet polarizer is taken into account if the 
obhque onentetion of the liquid crystal becomes rotationally symmetrical, there arises a problem that light use efficiency 
detenorates. This is because when domains in the liquid crystal are defined uninterruptedly and radially, liquid crystal- 
line molecules lying along a transmission axis and absorption axis of the sheet polarizer work inefficieiitly. and liquid 
crystalline molecules lying in directions of 45'" with respect to the axes work most efficiently For improving the light use 
efficiency the directions included in the oblique orientation of the liquid crystal are mainly lour directions or less When 
TuZTJZT^°"^- P'^^^^y be directions in which light components to be projected on the display 

surface of the liquid crystal display propagate wrth azimuths mutually different in increments of 90' In this case the 
ratio in number of Iquid crystalline molecules aligned in directions in which light components to be projected on the dis- 
nS^. ?«^ propagate with azimuth mutually different by 180° should preferably be neariy even. Out of two sets of liq- 
uid crystalline molecules aligned in the directions in which the light components to be projected on the display surface 

11!!^^ T' Sl l ^ °* ^"9""' "^"'^ ^''^^'""^ "^^^^ °* *e other set is uneven The set of 

ahgned lK,uid crystalline mol«:ules of which ratio in number is nearly even is a majority, and the set of alignS tiJuS 

toS rx^iSrl"' "1:'!;* " -o-^s, a characteristic anakSS 

to that exhibited when two domains are defined in 180° different directions can be realized 

'''^^■,!^ '^"^'"^ regulating means, the electrodes 12 on the upper substrate are slitted 

ar^assocBted with pixels, and the electrode 13 on the lower substrate is provided with the p^triSoS ^y l^r 

"aTshl^ 1"! ° ^'"^'""^ ^'^"S ^^"^'^ °* regulating mear^ Rg 

Z ^ZZZT^ '^Z"^ ''^ ""^^ °* ^2B Shows an example of Z2g 

the contours of Ihe surfaces of the substrates, and Rg. 12C shows an example of devising the shapes oftiie electrod^ 

a^ine^ hIT TTT^I"^^ ""^ °* orientelionsS Fig. T^^^S 

attained. However, the structures of liquid crystals are a bit different from one another. 9 « can oe 
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In Fig. 12A. ITO electrodes 41 and 42 on both sut>strates or one of the substrates are slitted. The surfaces of the 
substrates are processed for vertical alignment, and a negative Kquid crystal is sealed in. VWhen no voltage is applied, 
liquid crystalline molecules are aligned vertically to the surfaces of the substrates. When a voltage is applied, electric 
fields are generated obliquely to the surfaces of the substrates near the slits (edges) of the electrodes. With the oblique 
electric fields, the directions in which liquid crystalline molecules are tilted are determined. The orientation of the liquid 
crystal is divided as illustrated into right and left directions. In this example, the otjiique electric fields induced near the 
edges of the electrodes are used to align the liquid crystalline molecules rightward and leftward. This technique shall 
therefore be referred to as an oblique electric field technique. 

In Fig. 12B. protrusions 20 are formed on both the substrates. Uke the structure shown in Fig. 12A. the surfaces of 
the substrates are processed for vertical alignment, and a negative liquid crystel is sealed in. When no voltage is 
applied, the liquid crystalline molecules are aligned vertically to the surfaces of the substrates in principles. On the 
inclined surfaces of the protrusions, however, the liquid crystalline molecules are aligned at a little tilt. When a voltage 
IS applied, the liquid crystalline molecules are aligned in the directions of tilt. Moreover, when an insulating material with 
low dielectric constant is used to form the proti-usions, the electric fields are interrupted (sfate close to the state atteined 
by the oblique electric field technique, the same sfate as the sfate atfained by the structure having the electrodes slit- 
ted). More stable orientation division can be achieved. This technique shall be refen-ed to as a both-side orotrusion 
technique. 

Fig. 1 2C shows an example of combining the techniques shown in Rgs. 1 2A and 12B. The description will be omit- 



ted. 



Three examples of realizing the domain regulating means have been presented. Moreover, various modifications 
can be devised. For example, the portions of the electrodes formed as the slits in Fig. 12A may be dented and the dents 
may be provided with inclined surfaces. Instead of making the protrusions in Fig. 12B using an insulating material pro- 
trusions may be formed on the substrates, and ITO electi-odes may be formed on the substrates and protrusions Thus 
the electrodes having the protrusions may be realized. Even ttiis structure can regulate the orientation of the liquid ays- 
tel. Moreover, dents may be substituted for the profusions. Furttiermore. any of the described domain regulating 
means may be formed on one of the substrates. When domain regulating means are formed on both the substtates 
any pair of domain regulating means can be employed. Moreover, although the protrusions or dents should preferably 
be designed to have inclined surfaces, the protrusions or dents having vertical surfaces can also exert an effect of a 
certain level. 

When the protrusions are formed, during black display, parts of ttie liquid crystal lying in the gaps between the oro- 
frusions are seen black, but light leaks out through parts thereof near the protrusions. This kind of partial difference in 
disp ay IS mia-oscopic and indiscernible by naked eyes. The whole display exhibits averaged display intensity. The den- 
sity for black display deteriorates a bit. whereby contrast deteriorates. When the protrusions are made of a material not 
allowing passage of visible light, contrast can be further improved. 

When a domain regulating means is formed on one substrate or both substrates, protrusions, dents, or slits can be 
formed like a unidirectional lattice with a predetermined pitch among them. In this case, when the protrusions, dents or 
!ihif 1^ P'"^ality of protrusions, dents, or slits bent at intervals of a predetermined cycle, orientation division can'be 
l^^^lt Pratrusions. dents, or slits are located on botti substrates, they should pref- 

erably be arranged to be offset by a half pitch. "UM'W 

In the constitution disclosed in Japanese Unexamined Patent Publication (Kokai) No. 6-301036 apertures (slits) 

I'^Zfr *l!f ^""'^ domain areJ cannot be too sn^TSarTy 

according to the present invemion. the size of domain areas can be optionally detemiined because the domain regulat- 

lating means has inclined surfaces, the response speed can be improved. 

tho n^TZ-^.T ''^^ ^ substrates, protrusions or dents may be formed like a two-dimensional fattice On 
^onamiicr ' """" "^^ "''^"""^ '° "^"^ *° ''^"'^ ^"^^ 0' ^^^""en- 

siits mu7brSa!!ir'z;;s Of"'" ^ - 

th«t r'^JT"'** examining ihe characteristics of an LCD in which the present invention is implemented demonstrate 
Tn pVlThT"' L'^TT^^^ "'^ "'"^ *° °' greater ««n those of notonly a TN LCD STaT^ 
S,e Lm«^ rft ^"^^ «"9'« characteristic is quite excellent aS 

TcDTs^it^ on.^°l?J''i*^.p^^ t«n=^«ance offered by Se ^ 

mHt^lrf J' !L M ^ "-^^ ^ ^"^ °««^«' by the present invention is 25 % The trans- 

bvt^^P? I rn ? ' P^«^«"*J2::«"«o" « than the one offered by the TN LCD but higher than lie one oS^r^J 
«^ ^, 1 L [^^"'^ °^^'"9'y f'iSher than those offered by the other modes. For e^^mpfe^ far 

S ^ a TN LCD panel exhibits an on speed (for transition from 0 V to 5 ^c^S n? 

off speed (for transition from 5 V to 0 V) of 21 ms. and a response speed (on + off) of 44 ms. while an IPS LCD^n^ 



EP0 884 626 A2 



exhibits an on speed o< 42 ms, an off speed of 22 ms. and a response speed of 64 ms. According to tfie mode of the 
present invention, the on speed is 9 nre. the off speed is 6 ms. and the response speed is 15 ms. Thus, the response 
speed is 2.8 times higher than the one offered by the TN mode and 4 times higher than the one offered by the IPS 
mode, and is a speed causing no problem in display of a motion picture. 

Furthermore, in the mode of the present invention, when no voltage is applied, vertical alignment is achieved. When 
a voltage is applied, protrusions, dents, or oblique electric fields determine directions in which liquid crystalline mole- 
cules lilt. Unlike the ordinary TN or IPS mode, rubbirig need not be carried out. In the process of manufacturing a panel, 
a rubbing step is a step likely to produce the largest amount of refuse. After the completion of rubbing, substrates must 
be cleaned (writh running water or IPA) without fail. The cleaning may damage an alignment film, causing imperfect 
) alignment. By contrast, according to the present invention, since the rubbing step is unnecessary, the step of cleaning 
sut>strates is unnecessary. 

Fig. 13 is a diagram showing the overall configuration of a liquid crystal panel of the first entoodiment of the present 
invention. As shown in Fig. 13. the liquid crystal panel of the first embodiment is a TFT LCD. A common electrode 12 is 
formed on one glass substrate 16. The other glass substrate 1 7 is provided with a plurality of scan bus lines 31 formed 
parallel to one another, a plurality of data bus lines 32 formed parallel to one another vertically to the scan bus lines, 
and TFT s 33 and cell electrodes 1 3 formed like a nratrix at intersecfions between the scan bus lines and data bus lines. 
The surfaces of the substrates are processed for vertical alignment. A negative liquid crystal is sealed in between the 
two substrates. The glass substrate 16 is referred to as a color filter (CF) substrate because color fiHers are formed 
while the glass substrate 17 is referred to as a TFT substrate. The details of the TFT LCD will be omitted. Now. the 
shapes of the electrodes which are constituent features of the present invention will be described. 

Figs. 14A and 14B are diagrams showing the structure of a panel in accordance with the first errtiodiment of the 
present invention. Fig. 14A is a diagram illustratively showing a state in which the panel is seen obliquely, and Fig. 148 
is a side view of the panel. Fig. 15 is a diagram showing the relationship between a pattern of protrusions and pixels in 
the first embodiment. Rg. 16 is a diagram showing the pattern of protrusions outside a display area of a liquid crystal 
panel of the first embodiment, and Fig. 17 is a sectional view of the liquid crystal panel of the first embodiment 

As shown in Fig. 17. a black matrix layer 34, an ITO film 12 providing color filters and a common electrode and 
protrusions 20 parallel to one another with an equal pitch among them are formed on the surface of a side of a CFsub- 
strate 16 facing a liquid crystal. The ITD film and protrusions are coated with a vertical alignment film that is omitted 
therein. Gate electrodes 31 forming gate bus lines, CS electrodes 35, insulating films 40 and 43 electrodes forming 
date bus lines, an ITO film 13 providing pixel electrodes, and protrusions parallel to one another with an equal pitch 
among them are formed on the surface of a side of a TFT substrate 17 facing the liquid crystal. The TFT substrate is 
further coated with a vertical alignment film, though the vertical alignment film is omitted from the figure Reference 
numerals 41 and 42 denote a source and drain of a TFT. In this embodiment, protrusions 20A and 208 are made of a 
TFT flattening material (positive resist). 

As shown in Rg. 14A, the pattern of the protrusions 20A and 208 is a pattern of parallel protrusions extending 
straightly and arranged with an equal pitch among them. The protrusions 20A and 208 are arranged to be offset by a 
half pitch. The structure shown in Fig. 148 is thus realized. As mentioned in conjunction with Rg. 98. the orientation of 
the liquid crystal is divided into two directions to thus divide each domain into two regions. 

The relationship of the pattern of protrusions to pixels is shown in Fig. 1 5. As shown in Rg. 15. in a general color- 
display liquid crystal display, three pixels of red. green, and blue constitute one color pixel. The width of each of the red 
green, and blue pixels is approximately one-third of the length thereof so that color pixels can be arrayed with the same 

f^i^^l^"^ ^^^"^ ^^""^ ^ ^""^^ P*''®' electrode. Among arrayed pixel electrodes, gate bus lines 

(hidderi behind the protrusions 208) are laid down sideways, and date bus lines 32 are laid down lengthwise The TFTs 
i intersections between the gate bus lines 31 and data bus lines 32, whereby the pixel electrodes are 

imerconnected. Opposed to the gate bus lines 31 . data bus lines 32. and TFTs 33 included in the respective pixel elec- 
Uodes 13 are black matrices 34 for intercepting light. Reference numeral 35 denotes CS electrodes used to provide a 
storage capacitor for stabilizing display are placed. Since the CS electrodes are light-interceptive. the CS-electrode por- 
Iwi^Tlsr' 13 do not work as pixels. Consequently, each pixel is divided into an upper part 13A and 

r^ l" ®^ °! P*^^« and 138. three protrusions 20A are lying and four protrusions 208 are lying. Three first 
regions each having the protrusions 208 on the upper side of the panel and the protrusions 20A on the lower side 
IrfZ ;« If ^^""^ protrusions 20A on the upper side thereof and the protrusions 208 

X^s laTanf 138 "^"^"^ P""'^ '^"^ ^ 0* *e 

pixels 13A and 138. a total of six regions of the first and second regions are defined 

inn ^'^.^irr • the liquid crystal panel, the pattern of the protrusions 20A and 208 is extend- 

ZZT T ^"^ ''^'^ '""^"^^ °"e"«««°" division to occur in Se o^- 

ermost pixels in the same manner as that in the inner pixels. 

Figs. ISA and 1 88 are diagrams showing the position of a liquid-crystal injection port of the liquid crystal panel 1 00 
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of the first embodiment through which a liquid ayslal is injected. As described later, in the process of assembling com- 
ponents to produce a liquid-aystal panel, after the CF substrate and TFT substrate are bonded to each other, a liquid 
crystal is injected. As far as a VA type TFT LCD is concerned, it takes much time to inject a liquid crystal compared with 
the TN LCD in general. Since protrusions are formed, it takes much more time to inject a liquid crystal. For shortening 
the time required for injecting the liquid crystal, as shown in Fig. 1 8A, a liquid-crystal injection port 102 should preferably 
be formed on a side vertical to the direction in which the protrusions are arrayed parallel to one another on a cyclic 
basis. Reference numeral 101 denotes a sealing line. 

During injection of a liquid crystal, when the interior of the panel is deaerated through exhaust ports 103 formed at 
another positions, the internal pressure decreases. This makes it easy to inject a liquid aystal. The exhaust ports 
' should, as shown in Hg. 18B, be located on a side opposite to the side on which the injection port is located. 

Fig. 19 shows contours of protrusions in a prototype defined by performing measurement using a tracer type coat- 
ing thickness meter. As illustrated, the gap between the ITO electrodes 1 2 and 1 3 formed on the substrates is restricted 
to 3.5 micrometers by means of spacers 45. The protrusions 20A and 20B have a height of 1 .5 n^crometers and a width 
of 5 micrometers. A pair of upper and lower protrusions 20A and 20B are spaced by 15 micrometers. This means that 
a spacing between adjoining protrusions formed on the same ITO electrodes is 35 micrometers. 

After an intermediate voltage Is applied to the panel of the second embodiment, the interior of the panel is observed 
using a microscope. The observation has revealed that very stable alignment is attained. 

Furthermore, in the panel of the first embodiment, a response speed has quite improved. Figs. 20A to 21 are dia- 
grams indicating a changing value of the response speed permitted by the panel of the first embodiment in relation to 
changes in parameters that are an applied voltage and a spacing (gap) between upper and lower protrusions. Fig 20A 
indicates an on speed (for trarsition from o to 5 V). Fig. 20B indicates an off speed (for transition from 5 to 0 V) and 
Fig. 21 indicates a switching speed that is a sum of the on speed and off speed. As shown In Figs. 20Ato 21 , a fall time 
off IS hardly dependent on the spacing but a rise time on varies greatly. The smaller the spacing is, the higher the 
response speed becomes. Incidentally, the thickness of cells is 3.5 micrometers. The practical value of the spacing var- 
ies slightly depending the thickness of cells. That Is to say, when the thickness of cells is small, the spacing is widened 
When the thickness of cells gets larger, the spacing is nan-owed. It has been actually confirmed that as far as the spac- 
ing IS about 1 00 times larger than the thickness of cells. Ik^uid crystaBine molecules are aligned properly. 

In any case, the panel of the first embodiment permits the satisfactory switching speed. For example when the 
spacing between protrusions is 15 micrometers and the thickness of cells is 3.5 miwometers. the response speed for 
transition between 0 and 5 V. that is, the on time on is 9 ms. the off time off is 6 ms, and the switching speed 15 ms 
Thus, very fast switching can be achieved. 

Figs. 22 to 24B are diagrams showing the viewing angle characteristic of the panel of the first embodiment Fig 22 
two-dimensionaliy shows a change in contrast dependent on a viewing angle, and Figs. 23A to 248 show changes in 
display luminance levels corresponding to 8 gray-scale levels in relation to viewing angles. Fig. 23A shows a chanoe 
occurnng at an azimuth of 90'. Fig. 238 shows a change occurring at an azimuth of AS", and Fig. 23C shows a chanae 
occumng at an azimuth of 0«. Rg. 24A shows a change occurring at an azimuth of -45°. and Fig. 24B shows a change 
occurnng at an azimuth of -90°. Hatched parts of Fig. 22 indicate areas In which a contrast is 10 or less, and douWe- 
"^''^^^ "^"^ "'"''^ 5 °' AS illustrated, a generally good characteristic is 

exhibited. However, since each pixel is divided vertically into two region, the characteristic is not a perfectly laterally and 
vertrally unrforrn characteristic unlike the one provided by the first embodiment. Deterioration of contrast in a vertical 
direcbon is little larger than that in a lateral direction. The deterioration of contrast In the lateral direction is smaller than 

It^n't^nf Zc^ r ^ ^'^ Q'^y-^'® °^ at a viewing angle of 

about 30 . Sheet polanzers are bonded in such a way that the absorptfon axes thereof will lie at 45" and 135« r«pec- 
tively with respect to an optical axis. The viewing angle characteristic to be exhibited when the panel is viewedin an 
oblique direction IS very good. The characteristics offered by this embodiment are overwhelmingly superior to those 
offered by ttie TN mode. However, this embodiment is slightly inferior to the IPS mode in temis of viewing angle char- 
^T'^' PhaseKlifference film or optical compensation fflm is placed on the panel of the first 

Si 1^ ?! '^^^'^ ^ «"9'® characteristic to be exhibited by the panel of 

^.l^.c'^""! ^"""^ the phase-difference film, and correspond to Figs. 22 to 23C. As illustrated, deter^tion 
tl T l "" a? °" ^ ""^"^ ^ '"^^'"^'^ ^^^"'^ "^o^^^e^' Sr^y^ ^e-ersal occurring in^ 
1^, wit'^S^.^ M ^ °" ""^^^y- « ^«rt'cal direction dur- 

^e nd cSS P^^^^'y- 9^y-«=«'« reversal in white display is hartly visible to human eyes and is there- 

fore not counted as a problem in terms of display quality. Thus, once the phase-difference film is emoloved better 
charactensbcs thanthose offered by the IPS mode can be exhibited in all assets including a ve^nga^r^^ 
istic. response speed, and manufacturing diffwuhy. 'ewing angie cnaraaer 

^T^^ '"af 'Tiade to discuss optimal conditions by creating various variatfons of the structure of the first 
embodiment or modifying parameters other than the foregoing ones. In the case of protrusions, whence panilfe 1 
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played in WacK light leaks out near the protrusions. Fig. 27 is a diagram for explaining occurrence of light leakage near 
the protrusions. As illustrated, light incident vertically on portions of the electrodes 13 on the lower substrate on which 
the protrusions 20 are formed is transmitted to some extent because liquid crystanine molecules are as illustrated 
aligned obliquely along the inclined surfaces of the protrusions 20. This results in halftone display By contrast, liquid 
crystalline molecules near the apices of the protrusions are aligned in a vertical direction. No light therefore leaks out 
near the apices. The same applies to the electrode 12 on the upper substrate. During black display, near the protru- 
sions, halftone display and black display are carried out partially. This partial difference in display is microscopic and 
discernible to naked eyes. The whole display exhibits averaged display intensity. The black display deteriorates a bit. 
whereby contrast deteriorates. The protrusions are therefore made of a material not allowing passage of visible light 
0 namely, made of material shielding visible light, whereby contrast improves. Even in the second embodiment when the 
protrusions are made of a material shielding visible light, contrast can be further iirproved. 

A change in response speed occurring when the spacing between pnotrisions is varied has been described in con- 
junchon with Figs. 20A to 21 . A change in characteristic deriving from a change in height of protrusions was measured 
The width of a photo-resist to be applied for realizing protrusions and the spacing between protrusions were 7 5 
; micrometers and 15 micrometers respectively, and the thickness of cells was approximately 3.5 micrometers The 
height of the resist was set to 1 .537 Mm, 1 .600 nm. 2.3099 jun, and 2.4486 urn. The transmitlance and contrast ratio of 
a prototype were measured. The results of the measurement are shown in Figs. 28 and 29. A change in transmittance 
dependent on the height of the protrusions (resist) occurring in a whHe state (when 5 V is applied) is shown in Rg 30 
A change in transmittance dependem on the height of the protrusions (resist) occurring in a black state (when no volt- 
age IS applied) IS shown in Fig. 31. A change in contrast ratio dependent on the height of the protrusions (resist) is 
shown in Fig. 32. The higher the resist is. the higher the transmittance in the white state (when a voltage is applied) 
becomes This is presumably attributable to the fact that the protrusions (resist) filling a supplementary role for tilting 
liquid crystalline molecules are large enough to turn down the liquid crystalline molecules in terms of both of figures and 
electrical effects. The transmittance (light leakage) in the black state (when no voltage is applied) increases with an 
increase in height of the resist. This causes black levels to fall and is therefore not very preferable. The causes of light 
leakage will be described in conjunction with Fig. 27. Uquid crystalline molecules lying immediately above the protru- 
sions (r^st) and in the spacings between the protrusions are aligned vertically to the surfaces of the substrates Ught 
leakage does not occur in these places. However, liquid crystalline molecules lying on the slopes of the protrusions are 
aligned sligWIy ob iquely As the protrusions get higher, the area of the slopes increases and a light leakage increases 
The contrast (white luminance level / black luminance level) decreases as the resist gets higher. However even 
When the height of the resist is increased to have the same value as the thickness of cells, screen display can be 
achieved without any problem. In this case, as described later, the protrusions (resist) can be designed to fill the role of 

p3n6l Sp3C€r5. 

=nH °* "q^id "ystal displays of size 15 were produced using TFT substrates 

ho„M T*f! f having protrusions of 0.7 micrometers. l.i micrometers. 1,5 micrometers, and 2.0 micrometers in 
alnl l^'^^^^ by the results of the experiment was also observed in the actually-produced liquid crystal 
pane s. actoal viewing, because the contrast has been originally high, deteriorations in contrast occurring in the 
panels produced under the different conditions were of a good level. Thus, satisfactory display was achiieJ TOs i 
E.'^rf / ^""^^ ^'9^ '^^'^^"^ ^ "^'^^^ contrast was indiscernible to 

theZer Hmi, jrr^oH^^^^^ protrusions of 0.7 micrometers high was also produced in an effort to detect 

the lower limit of the height of the protrusions working on molecular alignment. Display was perfectly normal Conse- 

S^r" T"" '"'"'^ f 0^ micrometlrs or less^he^otrus^s cS^S- 

isfactorily work on alignment of liquid crystalline molecules. usioii* can sai 

«.n*^L^i,i^ ^ "^^^'^"^ ^ °' protrusions in the second embodiment. As shown in Fig. 15. in the first 

embodiment, protrusions are linear and extending in a direction vertical to the longer sides of pixels In he secorS 

thT^r'S"^""^ ^'^ ^ ^° ^^°^*er sides of pixels 9. The other components of 

the second embodiment are identical to those of the first embodiment e wner components ot 

t«rn an^ R„^l«? 252Bshow a modification of the second embodiment, wherein Rg. 252A shows a protrusion pat- 

or^ruSn In!? " ^J^'^'^'T "^"^"^ '^"^ arrangement of the protrusion arrangement. In this m^if icati^ me 

throh the Lr^.^r^ ""T^^ °" '''' °* ^^^^^^ ^ « fe^'on as to pa^ 

through the center of the pixel 9 and to extend in a direction perpendicular to the minor side of the pixel 9 No protru^S 

oixei^So"" "^'S^W^r """^^"'^ "''"'^ '^y'^ - ^ d'eaions ?nSde eacJ 

pixel. As Shown in Fig. 2S2B, the domain is divided by the protrusion 20A at the center of the pixel Since the ioe 

^'"1 T'l^:"^"" ^^^"'^ P'«' «'«<*°de 13. the Stion Sn beXid^ 

J^JirriT*r°".' T'L°r ^'^^^^ *^ ^« ''''^'^ between STZusion 2o1 

^ *® P"®* ^3 Therefore, the response speed becomes lower than in the s^^nd 

embodiment but ttie production process becomes simpler becauseTe protru^on is d^edTn o^^^^e Tt^VZ^ 
of the substrate. Further, because the occupying area of the protrusion inside th« pixelTTmall. displayTumtrnce 



EP0 884 626 A2 



be improved. 

Fig. 253 ^ows a protrusion pattern oi another modification of the second enr^lxxiiment. The protrusion 20A dis- 
posed on the electrode 1 2 on the side of the CF substrate 1 6 is positioned at the center of the pixel 9, and no protrusion 
is deposed on the side of the TFT substrate 1 7. The protrusion 20A is a pyramid, tor example. Therefore, the liquid crys- 
tal Is oriented in tour directions inside each pixel. This modification can obtain the same effect as that of the modification 
shown in Fig. 255 and because the occupying area of the protrusion inside the pixel is further smaller, display lumi- 
nance can be all the more irrproved. 

In the first and second embodiments, numerous linear protrusions extending unidirectionally are located parallel to 
one another. Orientation division caused by the protrusions divides each domain mainly into two regions. Azimuths with 
' which liquid crystalline molecules in two regions are aligned differ from each other by 180*. The viewing angle charac- 
teristic for a halftone exhibited relative to light components propagating inside a panel with azimuths including an azi- 
muth corresponding to a direction in which liquid crystalline molecules are aligned vertically to the substrates will be 
improved as shown in Figs. 9A to 9C. As for the viewing angle characteristic exhibited relative to light components prop- 
agating vertically to the light conrponents. the problem described in conjunction with Figs. 7 A to 7C occurs. For this rea- 
son, orientation division should preferably be division of the orientation into four directions. 

Fig. 34 Is a diagram showing a pattern of protrusions in the third embodiment. As shown in Fig. 34. in the third 
embodiment, a pattern of protrusions extending lengthwise and a pattern of protrusions extending sideways are created 
within each pixel 9. Herein, the pattern of protrusions extending lengthwise is created in the Lf)per half of one pixel, and 
the pattern of protrusions extending sideways is created in the lower half thereof. In this case, the pattern of protrusions 
extending lengthwise divides the orientation of the liquid crystal sideways into azimuths that are mutually different by 
180^ that is, divides each pixel or domain sideways into two regions. The pattern of protrusions extending sideways 
divides the orientation of the liquid crystal lengthwise into azimuths that are mutually different by 180^ that is, divides 
each pixel or domain lengthwise into two regions. Consequently the orientation of the liquid crystal within one pixel 9 is 
divided into four directions. Talking of the whole liquid crystal panel, the viewing angle characteristics thereof relative to 
both the vertical direction and lateral direction are improved. In the third embodiment, the components other than the 
pattern of protrusions are identical to those of the first embodiment. 

Fig. 35 is a diagram showing a modification of the pattern of protrusions of the third embodiment. This modification 
is different from the third embodiment shown in Rg. 34 in a point that a pattern of protrusions extending lengthwise is 
created in the left-half of each pixel, and a pattern of protrusions extending sideways is created in the right half thereof 
Even in this case, like the patterns of protrusions shown in Fig 34. the orientation of the liquid crystal is divided into four 
directions within each pixel 9. The viewing angle characteristics of the panel relative to both the vertical direction and 
lateral direction are improved. 

The first to third embodiments use protrusions as a domain regulating means for realizing orientation division As 
shown in Fig. 36. the alignment of liquid crystalline molecules near the apices of the protrusions is not regulated at all 
Near the apices of the protrusions, the alignment of liquid crystalline molecules is therefore not controlled to deteriorate 
display quality The fourth embodiment is an example for solving this kind of problem. 

Figs. 37A and 37B are diagrams showing the shapes of protrusions in the fourth embodiment. The other compo- 
nents are identical to those of the first to third embodiments. In the fourth embodiment, as shown In Fig 37A the pro- 
trusions 20 are partly tapered. The length of the taper portions is about 50 micrometers or less than it For creating a 
pattern of this kind of protrusfons. the pattem is drawn using a positive resist, and the protrusions and taper portions 
are created by performing slight etching. With the thus created protrusions, the alignment of liquid aystalline molecules 
near the apices of the protrusions can be controlled. 

Moreover, in a modification of the fourth embodiment, as shown in Fig. 37B. tapered juts 46 are formed on each 
protrusion 20. Even in this case, the length of each tapered portion is about 50 micrometers or less than it For creatino 
a pattern of this kind of protrusions, the pattern is drawn using a positive resist, and the protrusions 20 are created by 
performing slight etching. A positive resist whose thickness is about a half of the height of the protrusions is applied 
and ttie tapered juts 46 on the protrusions 2 are left intact by pertomiing slight etching. With the juts, the alignment of 
liquid crystalline molecules near the apices of the juts can be controlled. i ■ y '"^ni ot 

Figs. 38A and 38B are diagrams showing the structure of a panel in the fifth embodiment. Fig. 38A is a diagram 

i n"^S 1'"? '^'S- « ^i^' The fifth embodim^t is 

an example in which the structure of a panel corresponds to the structure shown in Fig. 12C. The protrusions 20A are 
created as illi^rated on the electrode 12 (herein, a common electrode) formed on the surface of one substrate by 

s^SS'c^S^^^^ 

.i.ii ^ ^" important factor for determining whether a liquid crystal display device couid become commer- 

a domain regulating means features a high display quality as described above but becomes expeSve d^e to the 
vision of the domain regulating means and, hence, it has been desired to further decrease the cost 
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When the protrusion is formed on the electrode, the photoresist that is applied nuist be exposed to light through a 
pattern followed by dareloping and etching, reqiiring an Inaeased number of steps and increased cost, deteriorating 
the yield. On the other hand, the pixel electrode must be formed by patterning, and the number of the steps does not 
increase despite a pixel electrode having a slit is formed. On the side of the TFT substrate, therefore, the cost can be 
decreased when the domain regulating means is formed by slits rather than protrusions. On the other hand, the oppos- 
ing electrode of the color filter substrate (CF substrate) is usually a flat electrode. When a slit is to be formed in the 
opposing electrode, an etching step must be executed after the pattemed photoresist is developed. When the protru- 
sion is to be formed on the opposing electrode, however, the developed photoresist can be used in its form without 
much driving up the cost of forming the protrusion. Uke in the liquid crystal display device of the first embodiment of the 
0 present invention, therefore, the domain regulating means on the side of the TFT substrate is formed by a slit in the pixel 
electrode and the domain regulating means on the side of the color filter substrate is formed by a protrusion drivina uo 
the cost little. • a h 

Fig. 39 is a diagram showing a pattern of slits of each pixel electrode in a modification of the fifth embodiment. This 
modification con-esponds to an example in which the protrusions 20B are replaced wHh the slits 21 in the third embod- 
' iment. 

When a slit is formed in the pixel electrode to divide it into a plurality of partial electrodes, the same signal voltage 
must be applied to these partial electrodes, and electric connection portions must be provided to connect the partial 
electrodes together. When the electric connection portions are formed on the same layer as the pixel electrodes orien- 
tation of liquid crystals is disturbed in the electric connection portions impairing viewing angle characteristics lumi- 
nance of the panel and response speed. 

According to this as shown in Fig. 39. therefore, the electric connection portions are formed in the perimeter of the 
pixel electrode 13 and are shielded by the black matrices (BM) 34 to obtain luminance and response speed comparable 
with those of when protrusions are formed on both of them. In this embodiment in which the CS electrode 35 having 
light-shielding property is provided at the central portion of the pixel, the pixel is divided into upper and lower two por- 
tions. Reference numeral 34A denotes an opening of the upper side defined by BM. and 34B denotes an opening of the 
lower side defined by BM. and light passes through the inside of the openings. 

The bus lines such as gate bus lines 31 and data bus lines 32 are made of a metal material and have light-shielding 
property To obtain stable display, the pixel electrodes must be so formed as will not be superposed on the bus lines 
and light must be shielded between the pixel electrodes and the bus lines. Furthermore, when amorphous silicon is 
used as operation semiconductor, the element characteristics undergo a change upon the incidence of light giving rise 
to the occurrence of erroneous operation. Therefore, the TFT portions must be shielded from light. Therefore the BM 
34 has heretofore been provided for shielding light for these portions. According to this embodiment, the electric con- 
nection portions are provided in the perimeter of the pixel, and light is shielded by the BM 34. There is no need to newly 
provide the BM for shielding light for the electric connection portions; i.e.. the conventional BM may be used or the BM 
may be slightly expanded without decreasing the numerical aperture to a serious degree 

.oil ^*!!. embodiment is of a type in which each pixel is divided into two portions, and therefore basi- 

cally exhibits the same characteristics as the one of the first embodiment. The viewing angle characteristic of the panel 
becomes identical to that of the panel of the second embodimem when the phase^liHerence film or optical compensa- 
tion film IS employed. The response speed of the panel is slightly lower than that of the panel of the first embodiment 
becai^e oWique electric fields induced by the slits formed in one substrates arc utilized. Nevertheless, the on speed is 

offTL K I ^"^ *^ ^ ^ '"^ ^ speed is much higher than the ones 

offered by the conventional modes. As mentioned above, display is seen little irregular. However, the manufacturing 

p^ess IS simpler than those of the first and second embodiments. For example, in the course of formic 

! TFT substrate, the electrodes are slitted. A pattern of protrusions is then dL^on a «,m- 
mon electrode using a photo-resist. As already described, the rubbing step is unnecessary, and the associated after- 
rubbing cleaning step can therefore be omitted. 

For the reference, the measurement results of an example in which slits are provided on the cell (pixel) electrode 
wSh"ai n^i.';:^r* Z^^ «'""»«^.«'«=trode is described. In this example, the cell electrodes have ie site, and the 
c^^Z^^ r determined properly Owing to this constitution, stable alignment is attained, that is. liquid 

ITZ t^ ^" °* ^^"^ «elds induced near 

Th-ii « """^I'"* "^^'^ ""^""^ *" ^" ^'"^^ °* 360- within each small region. The viewing an^e 
JZl^Tu * ' " ^ ^ homogeneous in all Smuths of 360- caTbe 

^ '""^"^^ *^ ^"^^ ^ °" is 42 ms. and an off speed is 15^ A 

swrt^.;^ speed that is a sum of the on and off speeds is 57 ms. Thus, the response speed has not be^r^^e^ 
much. This means that no problem occurs in displaying a still image but the respon^speed is not higV^Z to S 

's presumably that when the number of the slits is decreased, the area S^ch^oWa n 
becomes large, and it lengthens a time in which all liquid crystalline molecules are oriented 
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In the fifth embodment. when a voltage is applied, the liquid crystal has portions, in which molecular alignment is 
unstable. The reason will be described with reference to Figs. 40 and 41. Fig. 40 is a diagram illustrating the distribution 
of orientation of liquid crystalline molecules in the electric connection portions. In a portion where the protrusion 20A 
and the slit 21 are provided in parallel, the liquid crystaBine molecules are oriented in a direction perpendicular to the 
s direction in which the protrusion and the slit extend as viewed from the upper side. In the electric connection portion 
however, the liquid crystalline molecules 14a are oriented in different directions, developing abnormal orientation' 
Therefore, as shown in Fig. 41, liquid crystalline molecules in the spaces between the protrusions 20A and the slits 21 
of the electrodes are aligned in a direction vertical (vertical direction in the drawing) to the protrusions 20A and slits 21 
Near the apices of the protrusions and the centers of the slits, liquid crystalline molecules are aligned in a horizontal 
10 direction but not in the vertical direction. OUique electric fields induced by the slopes of the protrusions or the sWs ena- 
ble control of the liquid crystal in the vertical direction in the drawing but cannot enable control in the lateral direction 
For this r^son. a random domain is produced sideways near the apices of the protrusions and the centers of the slits 
This has been confinmed tfirough microscopic observation. A domain near the apex of a protrusion is too small to be 
dscemed, fusing no problem. However, an area occupied by a domain having liquid crystalline molecules aligned 
15 Sideways and lying near a slit is so large as to be discerned even by naked eyes. When the domain is produced regu- 
larly, even if the domain is large, it will not be cared. However, when the domain is produced at random an imag^is 
seen irregular. This leads to deteriorated display quality. The panel in the fifth embodiment makes a litUe poor impres- 
sion on image quality compared with the one provided by the first embodiment, though display has no problem 

Abnormal orientation causes the luminance of the panel and the response speed todecrease. For example a com- 
?o panson of a practical device in which an electric connection portion is formed at the central portion of the pixel electrode 
wim a practical device in which a profusion is provided, indicates abnormal conditions such as a drop in ttie luminance 
and a residual image in wWch white appea,^ bright for a moment when black changes into white. In the sixth embodi- 
ment, this probiem is solved. 

in ♦h^.'S!'!,' ^'"^ embodiment is provided by modifying ttie shape of ttie protrusions 20A and that of the slits 21 
20^.?! !^^ ^ °* embodiment. Fig. 42 is a dagram showing the shape of the protrusions 

20Aoftt,e«xlhembod>mentandthatoffhece«electrodes13th^^^ 

ilUistrated. the protrusions 20A are zigzagged. Owing to this shape, as shown in Fig. 43. a domain divided reg^ariy 
into four regions is produced. Consequently, irregular display that poses a problem in ttie fifth embodiment can be over 
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Fig^44 is a plan view of a pixel portion in the LCD according to a sixth embodiment of the present invention Rg 
45 IS a digram illustrating a pattern of a pixel electrode accoirling to the sixth embodiment, and Fig. 46 is TTj^onal 
view of a portion indicated by A-B in Fig. 44. ■« is> a secnonai 

m^rfwSi? '''I' Jl? ^ 1^- ""^ °' ""^ embodiment, on one glass substrate 16 are formed a black 
TZ^ i r ? ^"^ ^ '^«=°'"P'«"i°" "te^ (coto^ fitter) 39. and a common electrode 1 2 is fomied 

on one surface thereof. Moreover, sequences of protrusions 20A are fomied in a zig-zag manner The glass suSTate 

ITJ:^ : "°!°: T ""^"^ ^^'^ ^^^^'^ ^^^^^y the other g.a2 sub^*rS^ 

are formed a plurality of scan bus lines 3 1 arranged m parallel, a plurality of data bus lines 32 arranged in para 2ln a 
direction perpendicular to the scan bus lines. TFTs 33 arranged like a matiix to correspond to the inteSSiS S (J 

, ^ ""^ ^2 electrodes 42 of the TFTs 33. The sources 41 ^ fornioJ 

in the sarne layers as the data bus lines 32 and are formed simultaneously with the formation of ttie drSn el^t^oS^ A 
gate-insulating film, an amorphous alicon active layer and a channel protection film are formed on prSeterS^r 
tions betiveen the scan bus line 31 and the data bus line 32. an insulating film is formed on ttie la^er of me ST^b^fs^^e 
32 and. besKles. an ITO film corresponding to ttie pixel electrode 13 is formed thereon The p^eTeleSr^ ?3 is of a 
rectangular Shape of 1:3 as shown in Fig. 45, and has a plurality of slits 21 in a direction tiftS Sl^^i ees^ 

35 IS provided to form a storage capacitor. The glass substrate 1 7 is called TFT substrate 

As shown, ttie sequences of protrusions 20A of ttie CF substrate and ttie slits 21 of the TFT substrates arc 
arranged being devteted by one-half pitch of their arrangement so ttiat the substrates maintSn an ir^e SShio 
The protrusions and the slits maintain a positional relationship as shown in Fig. 1 2C. and fhe orieS of tJS 
crystals is d.vded into four directions. As described above, the pixel electrode 13 is folei^ an ,TO film 

Jr^rrp^^^^thi^^j^ttirSnT^^^^^ 

Hori^°" ^''^ P'''^ 13 isdivided into a plurality of partial electiodes 

Zp -X ? ' r?"*^^ "^""'"^ *° embodiment as shown in F^ 45^ereSre ?e piSTS 

trode 13 IS not completely divided by slits, but the electrode is left at ttie perimetric portions 131 ?S ,5^ <JS ^ 
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electrode 13 to term electric connecton portions. As described above, the alignments of the molecules are disturbed 
near the electric connection portions. Therefore, according to this embodiment as showm in Fig. 10, the electric connec- 
tion portons are formed in the perimeter of the pixel electrode 13 and are shielded by the BM 34 to obtain luminance 
and response speed comparable with those of when protrusions are formed on both of them. In this embodiment in 
5 which the CS electrode 35 having light-shielding property is provided at the central portion of the pixel, the pixel is 
divided into upper and lower two portions. Reference numeral 34A denotes an opening of the upper side defined by BM 
and 34B denotes an opening of the lower side defined by BM, and light passes through the inside of the openings. 

Figs. 47 to 48C are diagrams showing a viewing angle characteristic exhibited by the sixth embodiment As illus- 
trated, the viewing angle characteristic is excellent and irregular display is overcome. Moreover, a response speed is as 
10 high as a switching speed is 17.7 ms. Thus, very fast switching can be achieved. 

Figs. 49A and 49B iOustrate another example of the pattern of the pixel electrode, wherein the BM 34 shown in Fig 
49B IS formed on the pixel electrode 13 shown in Rg. 49A. The pattem of the pixel electrode can be modified in a variety 
of ways. For example, electric connection portions may be formed in the perimeter on both sides of the slit to decrease 
the resistance between the partial electrodes. 
15 In the fifth and sixth embodiments, slits can be provided in the place of the protrusions on the counter electrode 12 
Namely, both of the domain regulating means are realized by the slits. However, in this constitution, the response speed 

In the sixth embodiment, the electric connection portions are formed in the same layer as the partial electrodes 
The electric connection portions, however, may be formed in a separate layer. A seventh embodiment deals with this 

20 C3S6. 

Figs. 50A and SOB are diagrams illustrating a pattern and a structure of the pixel electrode according to the seventh 

embodiment. The seventh embodiment is the same as the sixth embodiment except that the connection electrode 1 34 

IS formed simultaneously with the formation of the data bus line 32. and a contact hole is formed in the Insulating layer 

« ]Ia ^^"^^ *° connection electrode 134. In this embodiment, the connection electrode 

J^a^^T^^!- *® ""^ connection electrode 134 may be formed simul- 

t^ fo^'ti^^Lt ^ °^ ^ "^^ ''^^ be formal separately from 

he ton^tKjn of the biB line Jn this case, however, a step must be newly provided 

1 ^ ^^s- " ^®sired to form the connection electrode simultane- 

ously with the formation of the bus line or the CS electrode. ^-uoae simuiiane 

.JSiT seventh embodiment, the connection electrode which becomes a cause of abnormal orientation is more sep- 
^ iSS "^^^ ""^ embodiment, making it possible to further decrease inS- 

teh ThH th H T""^'°" ^ light-Shielding material, such a portion is shielded from 

light, and the quality of display is further improved. <~ um 

tion a'r fnpV^^T^"^ II '° ^ ^'9^* embodiment, and Fig. 52 is a sectional view of a por- 

tion A-Bn F^. 51 The eighth embodiment is the same as the sixth embodiment except that a protrusion 20C is formed 
m the snt of ttie pixel electrode 13. Both the slit of the electrode and the insulating protrusion foleS on the ele^^ 
mtt'lT!?'°";"'*'^ °' 20C is formed in the slit 21 as in this 

nri °* °* "^"^ '° ^» 21 and the protrusion 20C are in agreiiW^L 

tSnSS Jl^T? 'IT^ '""^'^ °^ en*odiment. Referring to Rg. 52. the pro- 

line 32 f re formS ^5. gate busline 31 and data bus 

in^^'fn P^n\?A^ diagrams illustrating a process for producing a TFT substrate according to the eighth embod- 

Tgl buslines cfJl^l'^T?'" " °" ^ ^'^^ ^"^^^^^ corZ^, 

L , . ■ 35 and protrusions 312 are left relying upon the photolithography methtJin Fig 

Ra saS^lT ? ^":?^^°"' ^'^^ ^"^ ^ ^'^^^^^l P^ol^^o" «^e continuously formed In 

liJr^nH^^i "\etel film 321 IS formed for forming the contact layer and the source^rain layer. In Rg S3F a sourTe 
1 ♦ ^ '''^Z "^"^ ^"'^'"9 °" photolithography method. At this mlS t^e^^a" 

SsTfl!!!); ? r °" ^^esponding to the protrusion 20C on the inside of ie sirt. In Rg. 53G. aS^fon ftm 

at tJl?,r,!m • ^ photolithography method. Slits are fLeci 

11 J^!?'k^ *° this embodiment as described above, the protrusion 20C is formed in ihe slit 21 of the pixel electrode 
13 without, however, increasing the number of the steps compared with the conventional process B^estJpoTn 
s forre^ri''''''"' f r P^^-^in mTsTof t^^^^^^^ 

u^n^i;r:SvL'^m«?r^ ■ P"^^'"" 'ayer and sourceAlrain Kt^^^^ 

irusion. however, may be formed by one layer or by a combination of two layers. 
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Rg. 54 is a diagram showing the shape of the protrusions 20A and 20B in the ninth embodiment which are seen in 
a direction vertical to the panel. Fig. 55 is a diagram showing a practical plan view of pixel portions of the ninth embod- 
iment. A panel of the ninth embodiment of the present invention is provided by zigzagging the protrusions 20A and 20B 
in the panel of the first embodiment like those in the one of the sixth embodiment. As illustrated, the protrusions 20A 

5 and 20B are zigzagged so that an orientation caising each domain to be divided into four regions can be attained The 
directions of the surfaces of each protrusion reaching and receding from a bent are mutuaHy different by 90° Since liq- 
uid crystalline molecules are aligned in a direction vertical to the surfaces of each protrusion, an orientation causing 
each domain to be divided into four regions can be attained. In practice, a panel in which a thickness of the liquid aystal 
layer is 4.1 ^m. a width and height of the protnjsions 20A are respectively 10 Mm and 4 ^m, a width and height of the 

10 protrusions 20B are respectively 5 urn and 1 .2 urn. a gap between the protrusions 20A and 208 (a distance in the direc- 
bon shifted by 45° from the horizontal line in the figure) is 27.5 urn. and a size of the pixel (pixel arrangement pitches) 
IS 99 ^m X 297 tim has been made. As a result of measurement of this panel, the response speed of the panel is iden- 
tcal to that of the panel of the first embodiment. The viewing angle characteristic thereof is identical to the one in the 
sixth embodiment, and is so excellent as to demonstrate that the orientation is divided vertically and laterally uniformly. 

15 Optimal values of the width, height and gap of the protrusions have relations to each other. Further, they are changed 
s^h *° "^^^"^ °* *® protrusions, vertical alignment film, liquid crystal, a thickness of the liquid crystal layer and 

In the panel in the ninth embodiment, the direction of tilt of liquid crystalline molecules can be controlled to include 
four directions. Regions A. B. C, and D in Fig. 54 are regions to be controlled so that liquid crystalline molecules therein 
?o will be aligned in the four directions. The ratio of the regions within one pixel is uneven. This is because the pattern of 
protrusions is continuous and is located in the same way in all pixels, and a pitch of repeated patterns of protrusions is 
matched with a pitch of arrayed pixels. In reality, the viewing angle characteristic shown in Fig. 47 to 48C is exhibited 
but do« not reflect the uneven ratio of regions resulting from orientation division. However, this state is not very pref- 
erable^The pattem of profrusions shown in Rg. 54 is therefore formed all over the substrates with the pitch of pixels 
ignored. The width of a resist is 7 micrometers, an interval between resist lines is 15 micrometers, the height of the 
1^11 "^f^^^^'f- and the thickness of cells is 3.5 micrometers. Using a TFT substrate and CF substrate meet- 
ing these conditions, a liquid crystal display of size 15 was produced as a prototype. Some resist lines interfered with 
gate bus lines and data bus lines. Nevertheless, generally good display appeared. Even when the width of the resist 
««s increased to be 15 micrometers and the interval between resist lines was increased to 30 micrometers, nearly the 
same resujs were obtained. Consequently, when the width of protrusions and the pitch of repeated patterns are riade 
n'r^ ' K *^tP.'*^'\°lP'«'=- « « pattern of protrusions is drawn with the dimensions of a pixel ignored 

S l^nlTJTJ!^.^- l^^t ""^^^ ^ P^«^««'"9 interference with bus 

Snf^^iT o|fepeated patterns of protrusions or dents should be set to an integral submultiple or multiple of the 

S„ L» J"^"^' ^'^T ° P^^'^"^*""^ ^^'^'^^ in consideration of a cyde of pixels and should pref- 

erably be set to an integral submultiple or multiple of the pitch of pixels. 

arf«Iir,h^*"'« ^J^.*'"^"'' J^.^'a" a pattern of protrusions that is discontinuous like the one shown in Rg. 56 is 
adopted^he ratio of regions within one pixel in which liquid crystalline molecules are aligned in four different directions 

r. .1^^! I T '7"^' °* "^^ '«ads to deteriorated display quality st2 

l^SS^^ i""" ^"^ °' '^^^ P«««^"s ^ P^ot'^sions Should te m^tch^ 

with the pitch of arrayed pixels, and a continuous pattern of protrusions should be adopted maicneo 

In the ninth embodiment, the protrusions of dielectric materials are formed in a zig-zag manner on the electrodes 

and *o^hi ?S °" electrodes generate oblique electric fields, at the edges thereof 

and the ol^ique electric fields operate as the domain regulating means. The edges of the cell ftiixel) eSSjeTS 

c««~l . ■ ^® diagrams for explaining this phenomenon and shows the case of the vertical orientation 

somewhat mclin«l from the vertical direction. As shown in Rg. 57A. each liquid aystal particte iVis^SeS San 
tially vertically when no voltage is applied thereto Upon application of a voltage between elect odlT2 aS i?^^ 

o^See^lt^Tsi^tSaT^^^^^ 

ottne eiec^e 1 3. so that the liquid crystalline molecules 14 are tilted in the direction perpendicular to the electric field 
V"^ " ^ T"^" ^ a display pixel electSle sepaJm^ imo ic^ii^tr 

IT^' '''S- ^^"^ 8 is inclined at its pe^^^STeSae)Xe 

liquid crystalline molecules 14 are tilted in the direction perpendicular to the electric field rt rtS.n « 
of the liquid crystal, therefore, is different between the cemrrporSSn ^dle eS" ^^^^^^ . 

The reverse tilt also occurs in the case where the domain regulating means is used. Fig. 58 is a diagram showing 
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a portion 41 where the schlieren structure can be observed in a configuration formed with the zigzag protrusion pattern 
of the ninth embodiment. Fig. 59 is a diagram showing in enlarged fbmi the neighborhood of the portion 41 where a 
schlieren structure is observed and also shows the direction in which the liquid crystalline molecules 14 are tiHed upon 
application of a voltage thereto. In this case, protrusions of different materials.are formed on the pixel electrode sub- 
5 strate formed with a TFT and on the opposed substrate formed with a common electrode. A vertical alignment film is 
pnnted. and the dwice is assembled without being rubbed. The cell thickness is 3.5 nm. The portion 41 where the 
schlieren structure is observed is where the direction in which the liquid crystalline molecules are fallen by the orienta- 
tion regulation force due to the diagonal electric field is considerably different from the direction of orientation regulation 
due to the protrusions. This reduces the contrast and the response rate, thereby leading to a deteriorated display oual- 
JO ity. -T' 7 1 

In the case where the liquid crystal display device configured of a protrusion pattern bent in zigzag in the ninth 
embodiment is driven, the display is darkened in a part of the display pixels, or a phenomenon called an after-image in 
which a somewhat previous display appears remaining occurs in the display of an animation or cursor relocation Fig 
60 IS a diagram showing a region appearing black in the pixel on the liquid aystal panel configured in the ninth embod- 
15 iment. In this region, thfe change in orientation is found to be very slow upon application of a vottage 

Fig. 61 A is a sectional view taken in line A-A' in Fig. 60. Fig. 61B is a sectional view taken in line B-B' As shown in 
Fig^ 60. the section A-A' has a region looking Mack in the neighborhood of the left edge, while the neighborhood of the 
nght edge lacks a region appearing black. In con-espondence with this, as shown in Rg. 61A. the direction in which the 
Iquid crystallirre molecules are tilted by the orientation regulation force due to the diagonal electric field is considerably 
20 different from the direction of orientation regulation due to the protrusions in the neighborhood of the left edge while the 
direction in which the liquid aystalline molecules are tilted by the orientation regulation force due to the diagonal electric 
field comparatively coincides with tfie direction of orientation regulation due to the protrusions in the neighborhood of 
the "3N edge, hi similar fashion, a regran looking black is present in the neighborhood of the right edge but absent in 
irl?»? , . ^H^^^ "'^despondence with this, as shown in Fig. 618. the direction in which the liquid 
cry^alhne mdecules are tilted by the orientation regulation force due to ttie diagonal electric field is considerably differ- 
ent from the direction of orientation regulation due to the protrusions in the neighborhood of the right edge, while the 
direction in which the liquid crystalline molecules are tilted by the orientation regulation force due to the diagonal electric 
^eiS'^B '^'"''^^^ ""^^ °' d^Q"'^**"" '^"s to 'he protrusions in the neighborhood of 

1^1h» ^S^^ ? '^^^ orientation regulation force due to the diagonal electric field at an edge 

In the case where a liquid crystal display device having a configuration with a protrusion pattern is driven the dis- 

5 fLo'!? '^"^ neighborhood of the bus line (gate bus line or data bus «ne) in the pixel This is 

of llui^crlTj^^ minute region (domain) formed in the neighborhood of the bus line and the rLlting disturbance 

^JX .Zr j'^ T ^ '"^""^ '^"^"^^ "^^ P''*'^'" ♦^"^ is posed Of a reduced viewing angle charac 
teristic and a reduced color characteristic in half tone. 

^''9f 62A and 62B are diagrams showing a fundamental configuration of a LCD according to a tenth embodiment 
A pixel f uncbons within the range defined by a cell electrode 1 3. which will be called a display ?egbn1^tSrremaTnlna 
par a non<J,sptey region. Normally, a bus line and a TFT are arranged in a non^lispla/rejion ^bt^ ,ine3e of a 
^^tri TsCis nL^rJ;^l"' characteristic but a TFT transmHs light. As a result. Trr^s^ng mei^tr S^ bla^ 
matrix (BM) is inserted betiween a TFT a cell electrode and a bus line 

L^[l CF substrate 16 so as to generate an orientation regulation force in a direction different from the oriemation 
h?^S:°"J? ^"''t *° " ^'^'^ generated by an edge of the cell electrode 13 Fig S^A^ 

the state where no voltage is applied. In ttiis state, liquid crystalline molecules 1 4 are oriented substentially^'oeJ^ 

cation of a voltage thereto, as shown m Fig. 62B. the liquid crystalline molecules 14 are orierted in the dire^Sn 
so perpendicular to the electric field 8. In the non^Jisplay region lacJcTng the cell elJ^Sde irthTeTeSc tie^ is 

tr^fS' hT' Of an edge of the cell electrode 1 3 to^rd tiie non^isplay region m 6^^r^^^. 

r^ion J. 1!^ « <^'d«^°" fro^ the Orientation t Te^iX 

moiojules 1 4 in the same direction as in the display region, as shown in Fig 62A y»««t>"ne 

imem Fif w fsfl^m ^ ^^"Q^"^ pattern in a liquid crystal display device of the tenth embod- 
iment. Pig. 64 IS a diagram showing, in enlarged form, the portion defined bv a circia in Ro ra in . 
a new protru^on 52 is formed in the ^dnrty of tiie portion'^ere a shlS^'iru^'ris L^J^T^^^ 
connected to and integrally formed with a protrusion arrangement 20A formed on the comrZSleSj^'JT^^ fela 
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tion shown in Rgs. 62A and 62B is realized at the portion formed with the protrusion 52. where the orientation of the 
liquid crystalline molecules 14 at an edge of the cell electrode coincides with the orientation in the display region, as 
shown in Fig. 64. Therefore, the scWieren structure that has been observed in Fig. 58 cannot be observed in Fig 64 for 
an improve display quality. 

Fig. 255 shows a modification in which the protrusion 52 is arranged to face the edge of the pixel electrode 13. In 
this modification, no shlleren structure is observed. 

The tenth embodiment, which uses an acrylic transparent resin for the protrusion, can alternatively use a black 
matenal. The use of a black resin material can shield the leakage light at the protrusion and therefore improves the con- 
trast. This is also the case with the embodiments descrit>ed below. ' 

The protrusion 52 which is fonned as a non-display regfon domain regulating means in the non-display region as 
shown in Figs. 62A to 63 can be replaced by a depression (groove) with equal effect. The depression, however is 
required to be formed on the TFT substrate. 

Any non-display domain regulating means which has an appropriate orientation regulation force can be emptoyed 
The direction of orientation is known to change, for example, when the light of a specific wavelength such as ultraviolet 
light IS irradiated on the alignment film. Uilizing this phenomenon, it is possible to realize a non-display region domain 
regulatng means by changing the direction of orientation in a part of the non-display region. 

Figs. 6SA and 65B are diagrams for explaining the change in orientatfon direction by irradiation of ultraviolet light 
As shown in Fig. 65A. a vertical alignment film is coated on the substrate surface, and a non-polarized ultraviolet light 
IS irradiated on rt from one direction at an angle of. say. 45" as shown in Fig. 65B. Then, the direction of orientation of 
the Iquid crystalline molecules 14 is known to tilt toward the direction in which the ultraviolet light is irradiated 

Fig. 66 IS a diagram showing a modification of the tenth embodiment. The ultraviolet light is in-adiated from the 
direcbon indroated by arrow 54 on a portion 53 of the alignment film on the TFT substrate opposed to the protrusion 52 
constituting the non-display domain regulating means shown in Fig. 63. As a result, the portion 53 comes to have an 
orientation regulation force acting in such a direction as to offset the effect of the diagonal electric field at the edge of 
the celMecteode 13. Consequently, an effect similar to that of the tenth embodiment shown in Fig. 63 is obtained The 
uttraviolet light, though irradiated only on the TFT substrate in Rg. 66. can alternatively be irradiated only on the CF sub- 
strate 16 or on both the TFT substrate and the CF substrate. The direction in which the ultraviolet light is irradiated is 
requiral to be set optimally striking a balance between the degree of the orientation regulation force in relation to the 
irradiation conditions and the orientation regulation force due to the diagonal electric field 

o non-display regioridomain regulating means, which reduces the effect of the diagonal electric field generated 
at an edge of the cell elertrode on the orientation of the liquid crystalline molecules in the display region and stabilizes 
me orientation of the l«,uid crystalline molecules in the disptey region, is applicable to various syLS indudingihe v1 

whirh «;nff f '^.^''^"f'"®?^ °* protrusions and depressions, which operate as the domain regulating means 
which respect to edges of pixel electrodes will be described. Rgs. 67A to 67C are 22 diagrams showing fundamTrtei 
relative positions of tt,e edge of the cell electrode and protrusions acting as domain regu Jng means. As show^Tn S 

40 fn Rn " ^'"^ *^ ^'P'^y '° <" electrode 13. as sh«^ 

^0 in Rg. 67C. whi^ the protrusion 208 on the TFT substrate 1 7 is arranged in the non-display region 

th^rl ,r!ithl **'1P'°'^"='°"= «^"9ed at the edges of the cell electrode 13 or in opposed relation 

thereto, and the region where the protrusions affect the orientation direction of the liquid crystal is definol l^fhe edai 
Regardless of ttiejate Of the diagonal electric field in the non^isplay regfon. therefore. S^Tori^ation inSe^ 

♦r> i^T"^^ the conditions for arrangement shown in Rg. 67C. the orientation restriction force of the diagonal elec- 

a^ Ih^efor^ f ^'^N * ' If'^'^ll^ ^«9ulation forc^ ^^^ruS 

and therefore a stable orientaton can be obtained without developing any domain "wuaons, 

The conditions under which the direction of the orientation regulaton force of the diaaonal electriri f i^ri rninrirtoc 
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protrusions of the TFT substrate are arranged in a staggered fashion with the protrusions of the CF substrate In order 
to realize the conditons of Fig. 67C. the protrusions of the TFT substrate 17 are interposed between the cell electrodes 
13. Since a gate bus line 31 is interposed between the cell electrodes 13. however, the protrusion arranged between 
the cell electrodes 13 is located on the gate bus line 31. » "ci e«n 

5 LCD of Figs. 69A.and 69B, no undesirable domain is observed and the switching speed is not low at any 

portion. Therefore a superior display quality is obtained without any after-image. Assuming that the protrusions 20B 
be^een the cell electrodes 13 in Figs. 69A and 69B are arranged at the edges of the cell electrodes 13. the conditions 
Of f^g. 67A can be met, while if the arrangement of the protrusions 20A and 208 is reversed between the two sub- 
states on the other hand, the conditions of Fig. 67B are satisfied. The protrusion arranged on or in opposed relation 
^.^l^TrJ^^fT^a^ ^"^^^ °" ^^^^ °^ °" CF substrate 16. Ck,nsidering the 

thfcp5?^o? 1, 1 x^^^ *° ^^"^ P«*"sions are desirably formed at the edges of 

the cell electrodes 1 3 on the TFT substrate 17. v^^^ 

torn l!^ . ^'^ T ^'y^ «''°**"9 arrangement of a protrusion arrangement of another protrusion pai- 
rs Ro ?0B i^f.^!"' V'T"*' the conditions of Rg. 67C. Fig. 70A is a top plan view Tnd 
ri'^°,f„^"^'°.'^':'^^,^^^^ eleSrodes 13. and 
SnTtL c nT r protrusion pattern are formed sequentially inwaid of each pixel By 

thfcLlI eSes 1 3 " °" ^"^ """^ 32 Stween 
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nn.^Jl '^^ ■ '"^ °* ^"^ ««tisf ied if the protrusions 20B othenvise inter- 

iHcL7h ^" °* ♦''e protrusions are preferably formed at the 

edges of the cell electrode 13 on the TFT substrate 17 'ormea ai me 

.5 cell IjV^^«'1!?cfr"nl^'^^ ^ P"*'""*""' ^«^"9Ular grid similar to the rectangular 

tioL of^S^^ifon^n ^^T"' ^'^ ^^"9"'a^- •^«'er. an equal proportion cannot be secured for all the direc- 
ted r^rLL ^ arrangement bent in zigzag shown in the ninth embodiment is cS- 
n! nSo^^Ts^ *° "^'^ ^ ^"'^ ^- ^ ""desirable domain is generated in the 
neighbortiood of the edges of the cell electrode 1 3 unless protrusions are fomied as shown in Fig 63 For this reason 
.ndependeritprotrusionsfordifferertpixels,notacontinuousarrangememofprotr^^ 

30 subject Of discussion. In the case where the protrusions 20A and 20B are formed as shcmTn .^^^71 lZte"Tn 
abnormal onenteton occurs at the portion indicated by T of the pixel 13. with the result that the dWerence Td^an^e 
f ron. an electnc field controller (JF) 33 poses the problem of a reduced response rate. With thrprrron arSn^^ 

Son to Xl^^^^^^^ r"*" " '° '''''' arrangement of the r«rusSn7i 

tion to an the edges of the cell electrode shown in Figs. 67A ,o 67C. A twelfth embodiment is intended to solve thiL pr*- 

Fig. 72 is a diagram showing the shapes of the cell electrode 13. the gate bus line 31 the data bus line 32 the tft 
eleSr"S.e 1??"*°^ T er.^in.ent. L shown, in me ^eS e^S)Smem ^Te c^ 

r^a«onto't^e™ie'crj^:Tr^^^^ 
desirably formed at the edges of the cell elecJo^e l^^^thl ??Tt?S*iV' " '^"""^""^ 
In the arrangement of Fig. 73. each protrusion crosses the edge of the cell electrode 1 3 parallel to the gate bus line 
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31 The resulting effect of ttie diagonal electric field on ttiis portion gives rise to the proljlem descrbed above *with ref- 
erence to Figs. 57A to 60. 

Fig. 74 is a diagram showing another modification of the twelfth embodiment. In the arrangement shown in Fig. 74. 
the protrusions are bent twice in a pixel. This makes tfje pixel somewhat rectangular in shape as compared with Fig. 73 
and therefore the display is easier to view. 

Fig. 75 is a diagram showing the shapes of the cell electrode 13. the gate bus line 31 . the data bus line 32. the TFT 
33 and the protrusions 20A. 20B according to a thirteenth embodiment. Figs. 76A and 76B are sectional views taken in 
lines A-A- and B-B' in Fig. 75. In order to alleviate the effect of the diagonal electric field at the edges of the cell electrode 
13 with a protrusion arrangement bent in zigzag, the tenth embodiment includes the non-dsplay region domain regu- 
' lating means an-anged outside the display region while the thirteenth embodiment has the cell electrode bent in zigzag 
both having failed to completely eliminate the effect of the diagonal electric field. In view of this, according to the thir- 
teenth embodiment, the portion where the orientation is liable to be disturbed and an undesirable domain is liable to 
occur as shown in Rgs. 58 and 60 is masked by a black matrix 34 to eliminate the effect of the diagonal electric field on 
the display. 

At the portion A-A shown in Fig. 75 is free of the effect of the diagonal electric field, the BM 34 is narrowed as 
shown in Fig. 76A. while at the portion B-B' where the diagonal electric field has a considerable effect, the width of the 
BM 34 IS inaeased as compared with the prior art so as not to display any image. In this way. the display quality is not 
deteriorated nor an after-image or a reduced contrast is caused. The increased area of the BM 34, however reduces 
the luminance of display due to a reduced numerical aperture. Narertheless. no problem is posed as far as the area of 
the increase of BM 34 is not consideratjle. 

As described with reference to the tenth to thirteenth embodiments, accoiding to this invention, the effect of the 
diagonal electric field at the edge portions of the cell electrode can be alleviated and therefore the display Quality can 
be improved. * >i / 

In the embodiments as set above, the orientation of liquid crystal is divided by the domain regulating means A 
detailed observaton of the orientation in the boundary portion of the domain, however, reveals the fact that the domain 
IS divided in the directions 180» apart at the domain regulating means, that minute domains 90° different in direction 
exist in the boundary portion (on a protrusion, a depression or a slit) between domains and that a region looking black 
Kcists in the boundary (the neighborhood of the edge of a protrusion, if any) of each domain including a minute domain 
The region looking dark brings about a reduced numerical aperture and darkens the display As described above the 
liquid CTy^al display device using a TFT requires a CS electrode contributing to a reduced numerical aperture In (ither 
cases, a black matrix (BM) is provided tor shielding the surrounding of the display pixel electrode and the TFT. In all of 
these cases, it is necessary to prevent the numerical aperture from being reduced as feir as possible 

The use of a storage capacitor with the CS electrode was described above. Let us briefly explain the function of the 
storage capacitor (CS) and the electrode structure The arcuit of each pixel in a liquid crystal panel having a storage 
capaator is shown in Fig. 77A. As shown in Fig. 1 7, the CS electrode 35 is formed in parallel to the cell elertrode 13 in 
sucha manner as to configure a capacitor element between the CS electrode 35 and the cell electrode 13 through a 
dielectnc layer The CS electrode 35 is connected to the same potential as the common electrode 12. and therefore as 
shown in Fig. 77A, a storage capacitor 2 is formed in parallel to the capacitor 1 due to the liquid crystal. Upon applica- 
tion o a voltage to the liquid crystal 1 . a voltage is similarly applied to the storage capacitor 2. so that the voltagTheld 

p iff^ r ^IS I *^ 2- ^ *® "^'d crystal 1 . the storage c^acitor 

2 IS easily affected bya voltage change of the bus line or the like, and therefore effectively contributes to suppling 

formed in the same layer as the gate (gate bus line), the source (data bus line) or the drain (cell) electrode of the TFT 
elemem in order to simpUfy the process. Since these electrodes are formed of an opaque metal foT^securing the 

The liquid crystal display device is required to have an improved display luminance while an effort is being made to 
save power consumption at the same time. The numerical aperture, therefore, is preferably as^gh aT^^ 
explained above, on the other hand, the light leakage through the slit formed in the protrusion o? the eSode fo^ 
'^2T" f^'^^r"^ '^"'"'^^^^ ^-^«y- e'-ina«ng this inconvenience, the ^^l^TprT 

urTc^L.t!^"^ .'"^ '^^"'^""^ "^^^"^ with a BM or the like. Nevertheless, these J^s- 

ures contnbute to a lower numencal aperture. 

in P-T-^TT^^ °* ""^ ^T."^^ CS 35 ^ embodiments as set above is shown 

^iT.Vr^ J^ ^ ^ CS electrode 35 are opaque to the light and the corresponding 

Figs. 78A and 78B are diagrams showing an arrangement of the protrusions 20 (20A. 20B) and the CS electrodes 
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35 according to an 14th embodiment. Hg. 78A is a top plan view and Fig. 78B is a sectional view. As shown, a plurality 
of CS electrode units 35 are arranged under the protrusions 20A, 20B. For a storage capacitor of a predetermined 
capacitance to be realized, a predetermined area is required of the CS electrode units 35. The combined area of the 
five units into which the C5 electrode 35 is divided as shown in Figs. 78A and 78B coincides with the area of the CS 
5 electrode 35 shown of Figs. 77A and 77B. Further, in view of the fact that the CS electrode units and the protrusions 
20A 20B are all superposed one on another in Figs. 78A and 78B. the numerical aperture is not substantially reduced 
more than it would be reduced by the CS electrode alone. It follows, therefore, that the numerical aperture is not 
reduced by the provision of the protrusions. 

Figs. 79A and 79B are diagrams showing an anangement of the slits 21 of the electrodes 12. 13 and the CS elec- 
10 trode units 35 according to a modification of the 1 4th embodiment. Fig. 79A is a top plan view and Fig. 79B is a sectional 
viewJTie slrts 21 functon as a domain regulating means and are preferably masked for preventing the light leakage 
theremrough. In this modification, the leakage light at the slits 21 is masked by the CS electrode units 35. Since the total 
area of the CS electrode units 35 remains the same, the numerical aperture is not reduced. 

Figs. 80A and SOB are diagrams showing an arrangement of the slits 21 of the electrodes 1 2 1 3 and the CS elec- 
15 trode units 35 according to another modification of the 1 1th embodiment. Fig. 80A is a top plan view' and Fig 808 is a 
sectional view. This modificaton is identical to the aforementioned modification of Figs. 78A and 78B exceot that the 
protrusions are bent in zigzag. ^ i «■ uic 

Figs. 81 A and 81 B are diagrams showing an arrangement of the slits 21 of the electrodes 12 1 3 and the CS elec- 
trode units 35 according to another modification of the 1 4th embodimert. Fig. 81 A is a top plan Jiew' and Fig 81 B is a 
^ f «*°"f ™= mcxJification reprints the case in which the total area of the protrusions 20A, 20B is larger than 
the total areas the CS electrode units 35. According to this modification, the CS electrode units are ananged at posi- 
tions corresponding to the edges of the protrusions 20A. 20B and not arranged at the central portion of the protrusion 
As a result a minute domain having an orientation angle 90- different existing in the neighborhood of the top of the pro- 
trusion can be effectively utilized for a brighter display ueiuporinepro 
J^! constitution in which the CS electrode is divided into a plurality of CS electrode unit can be adapted to a case 
in which the depressions (grooves) are used as the domain regulating means 

r., Jl!iV ? ^'""^"^ "1^'^^ '^'^ P^e^^"* ^«d"ction in numerical aperture which othe™rise might be 
caused by the domain regulatng means used. 

and 2LZT^^°''"^°"uT^^°''*'^''*'^^ embodiment. In this fifteenth embodiment, linear protrusions 20A 
and 20B are disposed ^parallel with one another on the upper and lower substrates, respectively, so that when they 
are viewed from tfie surface of the substrates, these protrusions 20A and 20B orthogonaHyc-oss one ancSe7?^e Kq 
hi? ?H "'iT^^^'l' V perpendicularly to the slopes under the state where no voltage is applSl 

between the electrodes but the liquid aystalline molecule 

are oriented perpendicularly to the slopes. Therelbre, the liquid crystalline molecules in the proximity of the slopes of 

r^lZ.T 20A and 20B. When the voltage is applied between the electrodes, the liquid crystaS 

rnolecutes are indined in a direction which is parallel to the substrates, but because the liquid crystalline molec^S a^e 
regulated ,n the directions different by 90 degrees near the protrusions 20A and 20B. respectivelj. Sey are ^^eT^e 

rSif So * ^« "o wtage is applied and this is different only in that when the voltage is 

applied, the state becomes the one shown in Fig. 2A. As shown in Fig. 82. further, fou? different twisU^Sns 
fn? ^fniT IZ"^^ ^"compassed by the protrusions 20A and 208 in the fifteenth embodimert.'n 2i2^u2?ce 
ISioS *^«ctions of the twists are different amonrthe 

^- J'^ *° ®V'a"atory views useful for explaining why the response speed in the fifteenth embodiment 
higher man that Of the first embodiment. Fig. 83A shows the state where^gTis applied an^T^^^iq^S^^^^^^ 
Z "if "T"^ perpendicularly to the substrates. When the voltage is e^ij^e liq Jd cry^ Jne S^l2 
are inclined in such a manner as to twist in the LCD of the fifteenth embodimem^ shown in Rg ^ In 
hquid aystalline molecules at other portions are oriented by using the liquid crystallinrmole^L keep^X^? w^ 
the profusions as the trigger in the LCD of the first en*odiment as shoS, in F^ 83C H^Ter the S T^Te 

tney are not limited, and they are onented in the same direction as shown in Rg 83D after the oassanB of » rTr^^ 

Sh ^ ^ the twist Of the LCDs « high not onlyTthe LcS j^^^ 

using the protrusions, and the response speed of the fifteenth embodiment is higher than that of me firreSSTml 

Rg. 85A IS a diagram showing the response speeds with the change of the gray-scale at the 16th graduation. 32nd 
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gradation. 48th gradation, 64th gradation and black (first gradation) when 64-gradation display is effected in the LCD of 
the fifteenth embodiment. For reference. Fig. 85B shows the response speed of the TN mode. Fig. 85C shows the 
response speed of the mono-domain VA mode in Which the orientation is not divided and Fig. BSD sho*trs the resporse 
speed of the multi-domain VA mode using the parallel protrusions of the first embodiment. For example, the response 

5 speed from the full black to the full white is 58 ms in the TN mode, 19 ms in the mono^omain VA mode and 19 ms in 
the multi-domain system, whereas it is 19 ms in the fifteenth embodiment, and this value remains at the same level as 
those of other VA mode. The response speed from the full white to the full black is 21 ms in the TN mode 12 ms in the 
mono-domain VA mode and 12 ms in the multi-domain type, whereas it is 6 ms in the fifteenth embodiment and this 
value IS higher than those of other VA modes. Further, the response speed from the full to the 16th gradation' is 30 ms 

10 in the TN mode. 50 ms in the mono-domain type and 130 ms in the multi-domain type, whereas it is 28 ms in the fif- 
teenth embodiment, and this value remains at the same level as that of the TN mode and is by far more excellent than 
ttie valu^ of other VA modes. The response speed from the 16th gradation to the full black is 21 ms in the TN mode 
9 ms in the mono-domain type and 18 ms in the multi-domain type, whereas it is 4 ms in the fifteenth embodiment and 
this value is more excellent than the values of any other modes. Incidentally, the response speed of the IPS mode is 
IS extremely lower in comparison with any other modes, and the response speeds from the full black to the full white and 
vice >«rea are 75 ms. the response speed from the full black to the 16th gradation is 200 ms and the response-speed 
from the 16 gradation to the full black is 75 ms. 

As d^ribed above, the LCD of the fifteenth embodiment are extremely excellent in both viewing angle perform- 
ance and the response speed. ** .Willi 

In J^^^'^^^^^^ protrusion patterns for accomplishing the twist type VA system desoibed above 

In Hg. 86A protrusions 20A and 20B are interruptedly disposed in such a fashion as to extend orthogonally in two direc- 
jons on the respective substrates and not to cross one another, but to cross one another when they are viewed from 
Sfn''^ rf"^"^*®^- '".^''s embodiment four twist regions are formed in the different way from Fig. 82. Thedirec- 
toon Of me twist is the same in each twist region but the rotating positions deviate from one another by 90 degrees In 

rptfSf L t T "^"^ *" '"'^^ ^ ^« *° orthogonally in two directions to the 

Z„?^ r,f """"^ ^ *° "^"y ^i^ections. in this embodiment, two twist 

regions having mutually different twist directions are formed. 

such". 2L!f:ff^ tl'* ^^'T^ protrusions 20A and 20B disposed on the two substrates need not be disposed in 
such a fashion as to orthogonally cross one another. Fig. 87 shows a modification wherein the protrusions 20Aand 20B 

flT ""'^"^ '"^^^ ^"S'^ 90 degrees. In this case, too fouT^^ 

opposeQ rsQions. 

sho::jFT£.SArdV:r ""'^'"^ ^"•^ ^^^^^ ^'-^ ^^'^^^-^ 

' in thr/r^mf fn^'* embc^rnent shown in Fig. 82. there is no means for controlling the orientation at the center portion 
Z nr LTt ^ protrusions 20A and 20B in comparison with the portfons near the protrusfons aS 

ttie onentafton IS likely to be disturbed because it is far from the protrusions. For thisWson, an elongati time is n^ 
t^/^ " ^"'^T ^«^PO"«e speed at tl^e cen^r pl^on bei^ 

0 Zcr^Z^^" ^ Po^'o^s Of the frame b^e they are affS ^on^l^S 

I! =«"""9 as two adjacent sides. The influences of the orientation at the comer portions are transfeai to 

the cent^ porton. impinge with the influences of other twist regions and the twist regions are^^t^ d JSS a^^e 
2«n thf Tr '"""^ "^^"'^ ^multaneously oriented, but cSain porto^aT^^^i^^rient^a^ 

then this onentation is transmitted to the portions nearby Therefore, the response speed tecomes slovTr a Z ro^^ 

Tg am afsh^^T'fo 87 """^"^ T'^" '""^ "^'"^^ protrusions isTe^alS 

ogram as shown in Fig. 87, the influences are transferred from the acute angle portions where the influenc^f the 
protrusions are stronger, to the center portion. The influences impinge at the cent^ port5ntS arel^er U^ft^ 

ttian n the square frame. To solve such a problem, a protrusion 20D similar to the frame is disS«^ a^Te c^mH 
aS 2olTas''a wr:r'- ""JJ" ^^"^^ ^^ed can be obtained when, for exLS^^htprus."^ 20A 

the^rer^;?^^"^^^^^^^^^ 
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Figs. 90A and SOB are dagrams showing the structure of a panel of the 1 Sth embodiment. Fig. 90A is a side view, 
and Fig. 90B is an otjiique view of a portion of the panel corresponding to one square of a lattica Fig. 91 is a diagram 
showing a pattern of protrusions in the 16th embodiment w^ich is seen in a direction vertical to the panel. As illustrated 
in the 16th en*odiment. the protrusions 20A are created lil<e a cubic lattice on the electrode 12 formed on one sub- 

5 strate. and the pyramidal protrusions 208 are created at positions coincident with the center positions of the opposite 
squares of the lattice on the electrodes on the other substrate. In a region shown in Rg. 908, the orientation is divided 
according to the principles described in conjunction with Fig. 1 28 and divided vertically and laterally unifomily. In reality, 
a prototype was produced by setting the distance between the electrodes to 3.5 micrometers, the sideways spadna 
between protrusions 20A and 208 to 10 micrometers, and the height of protrusions to 5 micrometers. As a result the 

,0 viewing angle characteristic of the panel was of the same level as the one of the panel of the second embodiment 
Shown in Fig. 22. 

.r oL^n^"^ ^ ^ '"•^"'cat'O" *ie sixteenth embodiment. Fig. 254A shows a protrusion pattern and 

Fig. 2548 is a sectional view In this modification, the arrangement of the matrix-like protrusions and the pyramidal pro- 
trusions o^ the sixteenth embodiment is reversed. In other words, the protrusion 20A disposed on the electrode 12 of 

15 the CF substrate 16 is pyramidal whereas the protrusion 208 on the side of the TFT substrate 1 7 has a twtxlimensional 
matrix form. The protrusion 20A is disposed at the center of each pixel 9 and the protrusion 208 is disposed in the same 
pitch as that of the pixels and Is disposed on the bus line between the pixels 9. -merefore. the liquid crystal is oriented 
in four djrecbons inside each pixel. The domain is dMded by the protrusion 20A at the center of the pixel as shown in 
Fig. 2548. The protrusion 208 disposed outside the pixel electrode 1 3 divides the orientation at the boundary of the pix- 

20 els as shown in the drawing. Further, the edge of the pixel electrode functions at this portion as the domain regulating 
""^i"! The onentaton regulating force by the protrusion 208 and the orientation regulating force of the edge of the 
pixel electrode coincide with each other. Consequently, the division of the orientation can be carried out statX. In this 
Tl^r™? f T "^M®" P™*""^"" ^ 208 versus the edge of the pixel electrode 

^^T^^ !^ T ' '"'^'^ '"'"'""''^^ ^ •*'°"9h the response speed dr^ps to a certain extent 

hl^ ?«?h? 11?'°?!°^ ^" ^ '^"^ P^°*'"^*°" 208 by the formation process of the bus line 

because the number of the production steps does not increase 

us Jir. rtom!^'* /° '^'^ protrusions produced using a resist that is an insulating material are 

i^n^ 1 'f?^ ""^"^ ^'"^'"S orientation of a liquid crystal. In the embodiments, the shape of the 
inclined surfaces of the protrusions are utilized. The insulating protrusions are very important in terms of theVffect of 
irterrupton of electric fields. A liquid crystal is driven using, generally, an alternating wave. Wi^i iSreaS^ 

°* ^ '=^>'=^' '"""e"ce exerted during one frame (during which 

a direct (dc) voltage ,s applied), that is. influence predetermined by a DC wave must be taken into f iSl c^Serato^ A 
dnving wave for a Iqu.d crystal must exhibft both the characteristics of the AC and DC voltages and satisfy thrSre 
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Frorn the viewpoint of the DC characteristic, the specific resistance p must be high enough to affect the resistance 
laroeSn"^^^^^ Specifically, the specific resistance must be IQI^ ohms/cm oTmore i that it S bL S to 
aZt o'" ohnSr^ resistance of a liquid crystal (for example, the specific resistance of a TFT^rive liquiTcrystal 7s 
about 10 ohms/cm or more). Preferably, the specific resistance should be lO'^ ohms/cm or more 

ness a,S^i^Sl?o^^«•f '''?f ^^^^ capacitance (value determined by a dielectric constant, film thick- 
n^n!' T ^^^"^^'^^^ °* 3 resist must be about ten or less times larger than the capacitance of a liquid-crystal laver 
ur^er the resi J Jjiith an impedance of about one-tenth or more of the impedance of ttTe liquid-crys^ S^er)^^^^^^^ 
resist can exert the operation of minimizing electric fields in the liquid-crystal layer under theTiS^ Sr exSn^e l! 
dielec^nc constant u of the resist is approximately 3 or about one-thi«l of me dielecite S,nste,5^ of me 

11' '^'^^ approximately 0 1 n^crometeis or irHe tS .^eS ^ 
uid-crystal layer (for example, approximately 3.5 miaometers). In this case, the capacitance of the insSnn^rm ?« 
appr^tely ten times larger than the capacitance of the liquid-crystal laye und^fTe irS^^ng film Tn^^^ 

the '""^ ^'"""'"''"^ *^ ^P^°»'™tely one-teSSof the impeda-Ke rmeTuidS^ylX^rT^^ 

the resis^ Jhus, me resist can affect the distribution of electric fields in the liquid-crystal layer ""^^ 
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liquid crystalline moleciies in the domains generated on both sides of the domain on the resist titt in a direction nearly 
horizontal to the resist (this results in a very firm orientation). For establishing tWs state, the insulating layer (resist) of 
the onentation-divided domain must have a capacitance that is approximately ten or less times larger than the one of 
the liquid-CTystal layer under the resist. A material exhibiting a small dielectric constant c should be adopted to realize 

5 the insulating layer, and the thickness of the layer must be large. This suggests an insulating layer having a dielectric 
constant t: of approximately 3 and a thickness of 0. 1 micrometers or more. The employment of an insulating layer having 
a smaller dielectric constant c and a larger thickness would exert a more preferable operation and effect. In the first to 
16th embodiments, a novolak resist having a dielectric constant e of approximately 3 is used to form protrusions of l 5 
micrometers thick. Observation of orientation division has revealed that very stable alignment can be attained The 

10 novolak resist is widely adapted in the process of manufacturing a TFT or CF. The adoption of the novolak resist would 
bring about a great merit (of obviating the necessity of additional facilities) . 

Moreover, it is ascertained that the novolak resist is highly reliable as compared with other resists or a flattening 
matenal and fas no problem. 

Moreover, when the insulating film is placed on both substrates, a more preferable operation and effect can be 

15 exerted. 

Aside from the novolak resist, an acrylic resist (c = 3.2) was checked to see if it wouM prove effective as an insulat- 
ir^ film. The same results as those obtained by checking the novolak resist were obtained. For demonstrating that the 
irt luence of electric fields is very important, an ITO film was deposited on a resist and the aligned state of liquid crys- 
tallme molecu tes was ot»erved. The results were not so good as those obtained when the insulating film was used 
20 '" tf'e first to 16th embodiments, an electrode is slitted or protrusions of insulators are formed on an electrode in 
order to divide the orientation of a Ik^uid crystal. Other forms can be adopted. Some of the forms will be presented 
below. 

T^'^^^f. diagrams showing the structure of a panel of the 17th embodiment. Fig. 92A is an oblique 

viw and Fig. 92B is a Side view. As illustrated, in the 17th embodiment, protrusions 50 extending parallel to one another 
unjdirecbonally are formed on glass substrates 16 and 1 7, and electrodes 1 2 and 13 are formed on the substrates The 
protrusions 50 are arranged to be mutually offset by a half pitch. The electrodes 12 and 13 are therefore shaped to 
partly jut out. The surfaces of the electrodes are processed for vertical alignment. Using the thus shaped electrodes 
T^.rfr^^V.^ T'^^ 1° electrodes, electric fields are induced in a vertical direction. The orientation of a liquid 
! ^ T ^'^^ ^^"'^ P'""'"^*''" ^ "^^ ^«^"9 angle characteristic of the panel is 
ttierefore Improved as compared with a conventionally exhibited one. However, the distribution of electr^fields 

shaTJ tH^?.r 1°"" "^^^ "^"^^ °* ^" '^"'««"9 Only the effect of the 

? Th? °* *G protrusions is utilized in order to divide the orientation. The stalility of alignmerrt 

IhSf l' T '° ^"^'"^ ''^^"^'""^ "^'^^ °' '"^'«*"9 "«*«rial. However^ dSS 

So!l mTlT"?'''^^'? 1" ^ ^« '^'^^ '"^'««"9 "^terial with low dielectric constant. 

tl?nS H ' ^ '° protrusions are limited. Further, various condrtions must be satisfied to form 

^^'e ofr 17th JrZ?^ J". ™' " """^"^ P^«=^- Contrarily. the pane sTuc 

ture of the 1 7th embodiment does not have such limitation. 

61 ^^""^"'^ ^ P^"®' °' embodiment. In this embodiment, insulating layers 

61 formed on the ITO electrodes 12 and 13 are provided with depressions 23. As the shape of the depreiions tti^ 

'^-^ °' "'^"""^ "'"^ embodiments STn be id^rr4 ^^e 

fT """"r ""'"^ "'^ P^°»^"=i°"^ to stabilized Smem 

fnrn,^ «n J f °* nineteenth embodiment. In this embodiment, electrodes 12 and 13 are 

formed on glass substrates 16 and 17. respectively, layers 62 each made of an electrically conductive material and hal 
ing a depression (groove) 23A. 23B having a width of 10 pm and a depth of 1 .5 ^m are i^ln it,^ZZ^^^"z 

♦ T' ?° °' ^ « ^om the drawing. It can be «*^rS SarE 

ZTT, "qu'd crystal is dn^ided at the recess portions. In other words, it has been c^irme^St tS^ S^s 
sion. too. functions as the domain regulating means. aepres- 

In the pand structure of the nineteenth embodiment, the depressions 23A and 23B are disposed at the same nre- 
determin^ prtch of 40 pm in the same way as in the case of the protrusions, and the upp^jS^^ dl^eS £a 

sions 23A and 238 are so disposed as to deviate from one another by a haff prtch. In tHs case. ^ tS^sLme rS^ 



25 



30 



35 



40 



45 



SO 



55 



EP0 884 626 A2 



that of ihe nineteenth en*odiment can be obtained. Incidentally, since the structure having the depression is disposed 
below the electrode in this 20th ernbodiment, limitation to the material is small, and the material used for other portions 
such as the CF resin can be used. 

In the case of the protrusion and the slit, the orientation is divided in such a tashion that the liquid crystalline mol- 
5 ecules ex^nd m the opposite direction at these portions but in the case of the recesss. the orientation is divided in such 
a fashion that the liquid crystalline molecules face one another at the depression portion. In other words, the function 
of dividing the orientation by the recess has the opposite relation to that of the protrusion and the slit. Therefore when 
the depression is used as the domain regulating means in combination with the protrusion or the sW. the preferred 
arrangement becomes opposite to the arrangements of the foregoing embodiments. The explanation will be predeter- 
10 mined next on the arrangement when the recess is used as the domain regulating means 

Fig. 96 shows an example of the preferred arrangements when the depression and the slit are used in combination 
Assho«vmnthedrav«ng.ft^^^^ 

f^r^ *" ^ orientation division of the liquid crystal by the depressions 

i ftm"!^ h''T"° one another is the same, the orientation is further stabilized. For example, when the depression 
IS s formed under ihe condrt«,n of the 20th embodiment, the slit has a width of 15 pm and the gap between the ceS^^ of 
^In^I^'^H ^^^f " ^° ^^=^'"9 25 ms under the driving condition of 0 to 5 V and 40 

liertiveH of 0 to 3 V. in contrast, when only the slit is used, the switching time is 50 ms and 80 ms, 

,n V- ^^'H^ *® depression 20A and the slit 21 A on one of the substrates (substrate 16 in 

rierlrr "^".H *r ^"^ °"«"tation direSonT^Jd 

between the adjacent depression 20B and the slit 21 B. 

the S Characteristic can be obtained by disposing the protrusion at the same position in place of 
the sirt in tfie panel structures shown .n Figs. 96 and 97, and the response speed can be further improved 

. 17 H .K ^ ^♦'"ctu^e wherein the depression 238 is formed in the electrode 13 of the substrate 

^^«"'^*«fo«^'«'ons20Aandtheslits2lAarealterna^ 

facing the depr^ion 23B. respectively In this case, the direction of the orientation beSmes dW^nt^^ee?Se set 
of the adjacent depression 23B and protrusion 20A and the set of the adjacent depression 23B ar? Lft J^^and con 

of thr?Sif!mK^ J'^ ^^"^"^ ^'"^'^ ^ »he 21 th embodiment. As illustrated, the panel 

^ "^•'^ '-^^ ""'^'^^ « <*««ed. The orientation of riiqurdCTys 
I fjT. ^""^ "^^'^^^ as a border However, like the tenth entxxJiment, an effect of oblique Sc fSws 
IS not exerted. The stability of alignment is little poor eneci w ooiique eiectnc fields 

pnri ^^T"^^ T"^' ^''^""^ "^""^'"^ °' depressions (grooves) is reversed to those of protrusions 

el LT±:tH ' T' ' °' ^'^^ '^'^^^ assembly errors NoJ meTrTu 

ence oi assembly errors in the panel of the first embodiment will be described 

th. ^'^^ ^'^^ °* a panel in the first embodiment. As desaibed already a reoion where 

Lr3o r ^""""^ 20A formed on the common electrode 12 a^?el-3s^r20B 

ar^ t^e°^l'dil'^S^^ '^'""^ "^"^^ surfaceof the Ss on Sb 

40 t^in Ji IhJ c I Side surface of the protrusion 20A is designated as a region A. and the region defied by the left 

in(2,'^r^;™^ 

« dS:;^rr^^^^^^^^^ 

Figs. 101 A and 101 B are sectional views of a panel according to a 22th entiodimpnt in 99th 
Shown in Fig. 101 A. a depression 22B and a protrlion 20B are formi in the T^rb^Ja e ^7 Sl!^r ' ^ 

so by tt^e protrusions 20B and 20A is reduced. Since the region A" defined by the depressi^s Sb a!S t^t^ 
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left inclined side surface of the depression 22A. In view of the fact that the orientation region is defined only by the pro- 
trusions and depressions formed on one of the sul)s1rates. the assemtHy accuracy is not affected. 

The foregoing embodiments are directed to obtain a great viewing angle in all directions. Depending on the appli- 
cation of the liquid crystal panel, however, there are the cases where the viewing angle need not be great and a great 
"ITU? ^ *" ^ ^^^'^ direction. The LCD suitable for such an application can be accom- 

phshed by using the orientation dividing technology by the domain regulating means described above Next several 
b^fainl? *° technology of the present invention is applied for the LCDs for such specific applications will 

J"^'. ^ ^ P^®' °* embodiment. Fig. 103A is a top view and Rg. 103B is a 

!rj;«lT«n^ri"7 ' l!!:!' ^ ■ ^ °' ' """^^ ^OA and 20B are disposed in the same pitch on 

deSS^Ji! ^JI' '^^^'y- ^ «*^«""9. and these protrusions 20A and 20B are so situated as to 

ture shown in Fig. 102 so that the regions are occupied almost fully by the region A 
IS fnrmIS t*^"*^*^'* «"*«liment is used for a protrusion type LCD. lor example. The viewing angle per- 
15 formancerttt^e protrusion type LCD may be narrow, but a high response speed, a high contrast and high luminance 

arerequired for theprotrusion type LCD. Since the orientation direction 

i^^LT^nTr --""9 performance is the same as those of the conve^i^^l ^ys- 

tern and cannot be said as excellent. Nonetheless, since the protrusions 20A and 208 are disposed the resoorie 
speed IS inproved markedly in comparison with the conventional system, in the same way as the tSof II 3o^a 
embodiments. As to contrast, the contrast of this panel is substantially equal to other VA system and ^sl^ltor^o^ 
nor to that of the conventional TN mode and IPS mode. As has been gained alreadyS r^l^rSeTS 2?^^^^ 

S'n;Sr;;.rl?rhe^^^ '^t:^ "^^^ "^"^^'^ ''""^^ protru^rsit and TO ir^'n^ 

Se Je^r.' 20A and 208 are preferably shaded. As to luminance, on theother 

hand, frie aperture ratio of the pixel electrode 13 is preferably increased. Therefore, the protrusions 20A and 20B are 

re^^orr r rri^rrar ' ' ~- - ^'^^ 

♦n Jl"!,!*'^ ^^.^ '^"^^ ^P®^- ^ protrusions 20A and 20B is preferably decreased but 

20A and 208 are disposed around the pixel electrode 13. these portions must be shaded so that the aoerture ra«o 

^ST' "^."^ '"^'"^ ^"^' «>"t«^ ^ luminance have Setriyi^off^e'^^^^^^ 

and they must be set appropriately depending on the object of use, and so forth relatonship, 

tion^K ■ ! T"^'^ ^ ^^'"'^'"^ ^" "-^^ P^"^' ^^"9 ^'^e'lei* viewing angle performance in three direc- 

XsLns 2Ta an^ SbI"^ " "I' — ^--^-9 the 24th'emL!ZtrtSrs str^S!rf "e 

J ™ Z , '^^^^ ^''^ ^ t° t*° regions of the transverse direction in the same 

■nT Z r^^" 1*" P««'- regions of thetransve^ orier^^^^^^ 

hi nThT ^° disposing the protrusions 20A and 208 as to deviate from one^noS by a 

p^^:s::^=2?A°:72o1^^^^^^^^ 

=g^::.eTe;r^™^^^^^^^^^^ 

.evts%°::s2L?th^f^.^^^^^^^ 
sion:j:n?e:xrcrs:^^^^^^^^^^^ 
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Fig. 107 is a graph showing the result of the reqwnse speed measured In the way described above This graph 
corresponds to the one obtained by extracting the object portion shown in Rgs. 20A and 20B. As can be seen clearly 
from the graph, the response time drops as the gap d2 becomes smaller. 

Fig. 108A shows the change of the transmittance when the applied voltage Is changed, by using the gap d2 as a 
5 parameter. Fig, 108B shows the change of the transmittance when the voltage is changed from OV to 3V by using the 
gap d2 as a parameter. It can be seen from Figs. 108Aand 108B that the response speed of the intermediate gradation 
can be drastcally improved by decreasing the gap d2 of the protrusions. However, the maximum transmittance drops 
when the gap d2 of the protrusior^ is decreased. 

Fig. 109A is a graph showing the normalized time change of the transmittance at each gap d2 and Fig 109B 
10 explains the orientation change of the liquid crystal. Assuming that the time before the transmittance reaches 90% of 
the maximum transmittance is an ON response time, the ON response time when d2 is 10 am is Ton 1 the ON 
re^nse time when d2 is 20 jxm is Ton 2 and the ON response time when d2 is 30 pm is Ton 3. they have a relationship 
of Ton 1 < Ton 2 < Ton 3. - ' k 

The reason why such a difference occurs is because only the liquid crystals in the proximity of the protrusion are 
IS onemedperpendrcularlytotheslopeoftheprotrusionandtheliquid^^ 

pendicularly to the electrode when the voltage is not applied, as shown in Fig. 109B. When the voltage is applied the 
Iqud crystal .s .nd.ned. and the liquid crystal can take the tilt angle of up to 360 degrees with resped to theaxis per- 

apphed, and the liquid crystal between the protrusions is oriented in such a fashion as to extend along the former liauid 

Cdnsequently. the closer to the liquid crystal to the protrusion, the more quickly it is oriented 

.nH ^^^^"^ ^"^ sufficiently short in the existing VA system LCDs 

p ""^^ '"lermediate gray-scale that becomes the problem In the case of L structure 

ro^e than the regons Of the gap d2' and have a smaller contribution to the transm^^^^ 

have logarrthmic characteristics, the human eyes catch the change as a relatively large ctenge vS^en Jie traZniSai^e 

changes within a short time, this change is caught as the drastic change as a whole » « gapu^ 

h« '^r^'*'.** '° 25th embodiment can apparently improve the response speed 

between the intermediate gray-scale without lowering the transmittance me response speea 

J'^ ^ embodiment. As shown in the drawing, the protrusions 20A and 20B 

aredisposedin an equal pitch on the substrates 16and17andtheelectrodes12and13arefbr^^ 

.r,^t th i is ftirther formed. The protrusions 20A and 20B are arranged in suSTa TsJ 

™ m """''I'^ ^"^"^^ '"^'"^ ^"'^ °" ^'^'^ is not formed are^ac^ 

l«r„r? [• " '^^'^ °" ^'^"^^ "Ot fo^'"^!. the liquid crys^s aTeSentS 

perpendicularly to the slopes, and the orientation direction is decided consequently The electric f^ldrSL lb^HrfriS 

tT ir£~ 

he S^:iTthT2S, e^fm^Slt^Jh'^^^^^ 
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Fig. 112 is a diagram showing an example pattern tor repeating the linear protrusions according to the embodi- 
ments as set above. The protrusion pattern described above has a plurality of protrusions of a predetermined width and 
a pred«ermined height repeated at predetemiined pitches. In Rg. 112. therefore, the width 1 and the interval m 
assume of the protrusion assume the predetermined values of 1 1 and ml . respectively. In the shown example, the width 
5 of the protrusion formed on one substrate is different from that of the protrusion formed on the other substrate. The pro- 
fusions fomied on a substrate, however, have a predetermined width 1 . This is also the case with the protrusion height 

Fig. 1 13 e a diagram showing the wavelength dispersion characteristic of the optical anisotropy of the liquid crystal 
used. As shown, H is seen that the shorter the wavelength, the larger the retardation An. Thus, the retardation An 
w increases in the order of blue (B) pixel, green (G) pixel and red (R) pixel, and different colors have different retardation 
An while passing through the liquid-crystal layer. This difference is desirably as small as possible. 

Fig. 114 is a diagram showing a protrusion pattern according to a 27th embodiment of the invention. In the 27th 
^"SfflTf HL*"® P'''®' oreen (Q) pixel 13G and the red (R) pixel 13R each have the same protrusion 

width I but different protrusion intervals m. Specifically, the B pixel 138 has ml. the G pixel 13G m2 and the R oixel 13R 
IS m in such a relation that ml > nC > m3. 

The smaller the protrusion interval m. the larger the effect that the electric field vector has on the liquid crystalline 
molecules, thus making it more possible to alleviate the problem of the electric field vector at the time of drive Fig 115 
IS a dagram showing the relation between the applied voltage and the transmittance as measured while changing the 
protrusion interval. It is seen that the larger the interval m. the larger the numerical aperture, and hence the transmit- 
^"ce IS irnproved. The wavelength dispersion characteristic of the optical anisotropy of tine liquid crystal is as shown in 
Pig. 1 13. By changing the protrusion interval m for each color pixel as shown in Fig. 1 14. the difference of the retarda- 
tion for a particular color can be reduced An while passing through the liquid crystal layer lor an inproved color charac- 
1611 sue* 

k2 ^'fJIT ^'^"^ ^ Protnjsion pattern according to a 28th embodiment of the invention. In the seventh 

m but different protrusion widths I. The effect is the same as that of the 27th entxxJiment. 

Fig. 1 17 is a diagram showing a protrusion pattern according to an 29th embodiment of the invention tn the 29th 
embodiment the protrusion interval m in each pixel is set to a small value ml in the upper and lower regions near to 
ttie gate bus line and a large value m2 at the central region. In the neighborhood of a bus line such as the gate bus line 

ZltlT ^ T ^* ^ ""^^ °' '^"^'"S ^"^ molecules fall into a state not 

Tr^ f ' r "^"^ "^'^^ deteriorating the display quality. According to the eighth 

o^rre iL'*X'S!^rr^il^ Oatebusnne thereby to make it difficult tor the 

In J affected by ihe electrical vector. As a result, the generation of an undesirable domain is suppressed 

-, Z^n^lT^J^ T J.^- ^ 'educes the numerical aperture accord^gly and 

?hL u! n !"««P°'"» ""^^rical aperture, therefore, a larger protrusion interval is recommended 

JlZZTT^Tl" '° ^'9^ embodiment can minimize the reduction in numerical aperture ^ 

reduce the effect of the electncal field vector generated by the gate bus line 

o^!!? ^ 'V "^'^^'^ ^"^""^ *® P'*®' ^"^'^ *" ^ *''e'e '►'e protrusion pattern according to the 29th 
embodiment shown in Rg. 1 1 7 is actually realized. ai-w«uiMa 10 me i£snn 

the 30* ll^tmifnf r ^^T'"^ ^ arrangement according to a 30th embodiment. As shown in Rg. 1 19. in 

the 301h embodiment, the protrusion height is changed gradually. v 

Fig. 120 is a diagram showing the change that the relation between the applied voltage and the transmittance 

t^J^^^^'^nf^.^r.^'" ^^.P^°^"^'°" ^^ight is Changed. Rg. 122 the change of the transnXce in wSe 
tevel wj respect to the protmsion height, and Fig. 1 23 the change of the transmittance in black level with respect to 

miS 2hTr ^ J^T ""T^"^ ^^^""^ °' ""^"^""^ transmittance and the contr^sHn t^^> 

ment wrth the width and intenal of the resist for forming the protrusion set to 7.5 tmi and 15 pm respStiveTth^Sl 
thickness to about 3.5 Mm. and the resist height to 1 .537 nm. 1 .600 nm. 2.3099 nrn^d 2 486^ ^^«*^ely. the cell 
This measurement shows that the transmittance of white level (wfth 5 V applied) increases with ttie resist hoinht 

^^i^ H ""t -'^ '"^ ^"^y '""e 'Suiting tSe ^cT^hs ^1 Jg^ £ 

the Iquid corstel « posrtively fallen. The transmittance (leakage light) in black level (UoJany Sei ^teae) aTi 
increases wrtt, the protrusion height. This is not desirable as it works to deteriorate the ^cl^Z^^^rS(^ 
between white luminance and black luminance) decreases with the protrusion he^WJt fs iTe ^ e^e^STto 
mastang material for the protrusion and not to increase the protrusion height exceiively 

...nJ^^ ""'^T^ °* "''"'^ ^'«"9«1 »>y changing the protrusion height and therefore a - 

superior display is made possible by changing ttie protrusion height for each color pixel arKi thl adiuS,« S^lSnr 
cha^deristic. or by setting the protrusion height appropriately in accordance wiflTttiTdi^cr^om 
the R pixel, for example. tt,e protrusion h«ght is increased, and deaeased for the G pixel and the B p^el St iT^ 
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or in each pixel, the protrusion height is increased in the neighborhood of the bus line and lowered at the central portion. 

The inventor has confirmed that the saeen display can be accomplished without any problem even when the pro- 
trusion height is Increased to the same lewel as the cell thickness. As a result, the protrusion height is set to the same 
level as the cell thickness as shown in Fig. 124A. or protrusions are formed at the opposed positions on the two sub- 
5 states as shown in Rg. 124B so that the sum of the heights of the two protrusions is the same as the cell thickness In 
this way, the protrusion can play the role of a panel spacer. 

Figs. 125A and 125B are diagrams showing a protrusion pattern according to a 311h embodiment. In this embodi- 
ment, as shown in Rg. 1 25A, the inclination of the side surfaces of the protrusion is defined by the angle e that the side 
surface forms with the substrate (electrode). This angle is called the taper angle. According to the tenth embodiment 
10 assume that the taper angle e of the protrusion 20 can take several values as shown in Rg. 125B Generally, the larger 
the taper angle 9. the more satisfactory the orientation into which the liquid crystalline molecules fall By changino the 
taper angle 6. therefore, the orientation of the liquid crystal can be changed. Thus, a superior display can be made pos- 
sible by changing the taper angle for each color pixel to adjust the color characteristic or by setting a proper taper angle 
e in accordance wrth the distance from the bus line. For example, the taper angle 6 is set large for the Rpixel and 
»5 decreased for the G pixel and the B pixel in that order Also, the taper angle 6 Is increased In the neighborhood of the 
bus line and decreased at the central portion in a pixel. 

As described above with reference to the sixth to tenth embodiments, the orientation regulation force of the protru- 
^c Ki'^rf!? ^ "^^'"^ protrusion interval, protrusion width, protrusion height or taper angle. It is therefore 
possible that these conditions are differentiated within a pixel or with different color pixels to partially differentiate the 

ZTl^d^f . r i P:°^"^'°"= ^ to assure the viewing angle characteristic or response rate of the 
liquid crystal as near to the ideal ones as possible. 

Retardation of the liquid crystal depends on the wavelength as shown in Fig. 1 1 3. Therefore, an embodimem of the 
Iquid crystal panel which improves luminance of whHe display on the basis of this feature and accomplishes a high 
response speed tor all the color pixels will be explained. 'M"!»ne5 a nign 

. Of the VA system will be explained ^^^^^^^ Fig. 126 shows the change of a twist angle 

i;Jn«?n?»T rl"! °' ^ ^"^^^ « ''^''^ (^A) system liquid crystal diX 

WhTl Tl^'^ ""^f. ^""1^ "^^'^'^ ^"^'^ "^"'^ '^^y^*^') P^^ded with the Nvist angle 

ZTJZTtT T'^-^ ! ^ °* ^ °" surlace of one of the sub- 

, °L° "^^"^ °" °' "''^ ^ ♦vist of 90 degrees is attained 

When the voHage is applied under this state, only the liquid crystalline molecules in the proximity of le surface of ttTe 

S ^^Tl T J ^^'^- does not substantially change to the rotatory polarization mode (TN 

t^ri'lr ^^'9 Shows the change of relative luminance (transmii^ce) to the ch^glo^ 

S JT t ^'^^ '^"^ ™ birefrigence mode. As shown in the graph, the birefringe^e 

thfvltl? Characteristics to And of the l«,uid crystal.than the TN mo^e As d4rZ XT 

the vertica orientaton liquid crystal using the n type liquid crystal executes black display when no voltage is «SiSS 
whrte display when the voltage is applied, by using the polarizer plate as the cross^irol 

R a^l^nJ.?^*^*""? '^^^^ *^a"smittance to the change of And at each wavelength (R: 670 nm G 550 nm 
B. 450 nm) It can be appreciated from this graph that When the thickness Of the liquid crystaiSy^^ 
luminance .n whrte display attains the maximum, that is. to And at which the transmittance attains the mLl^Jim ^e 
wavelength of 550 nm. the transmittance at 450 nm becomes excessively low. Therefore, the ftiS^eTS^^ ?ilS 

n white display Therefore, luminance in whrte display is lower than that of the TN mode and in order to ot«Lli ^hh! 
luminance equi^lent to that of the liquid crystal display panel of the TN mode. bad^-StuiSianc^ mtit b^^^^^^ 

Z^^^l'^'^T 'r'^"'^- «"«ump,ion of illumination mitbe incr^fndlf^e 3e1f 

apphcaton of the panel is limrted. When the thickness of the liquid crystal layer is increased bv laSo sfri o^wSite 

K ^^"^ "'^"^ ^"3'® °" ^^"^ ^and. it has been customary to add a phase difference film h,rf 

dreS^eTreTg:^ e? ' " ^^'"^ °* "^'^ ""'^'^^ «^ - -lor 

u^tZTJ^J^'"^' ^'f ^^"^^"^ °* ^^"^ "y^^ °* «>'or P'^el is individually set so that the 

Rg. 1 29 Shows the change of the liqud crystal response speed to the gap of the protrusions or the sirts when And 
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of the liquid crysial layer is set so that the maximum trar«mittance can be otrtained at the three kinds of wavelaigths 
described above. The liquid crystal respor«e speed becomes lower as the thickness of the liquid crystal layer becomes 
greater. In the VA system LCD panel which controls the orientation by using the protrusion, the liquid crystal response 
speed changes with the dielectric constant of the protrusion, the shape of the protrusion, the protrusion gap and so 
5 forth. However, when the dielectric constant, the shape of the protrusion and its height are constant, the response 
speed becomes higher when the gap of the protrusions is narrower. It can be appreciated that to obtain the liquid crystal 
response speed of 25 ms. for example, in f=ig. 129. the gap of the protrusions or the slits must be set to 20 iim for the 
R pixel. 25 for the G pixel and 30 ^m for the B pixel. 

Fig. 130 shows the change of the aperture ratio with respect to the protrusion or siit gap. When the gap of the pro- 
to trusions or the slits is set to 20 ^m for the R pixel. 25 jim for the G pixel and 30 iim tor the B pixel from Rg 129 the 
transmittance is 80%. 83.3% and 85.7%. respectively, and the differences occur in the transmittance 

In view of this point the 32nd embodiment individually sets the thickness of the liquid crystal layer of each color pixel 
so that the transmittance attains the maximum when the driving voltage is applied, the response speed in each color 
pixel IS rendered coincident by regulating the gap of the protrusions, and the area of each color pixel is changed so that 
15 the transmittance becomes coincident. 

Fig. 131 shows the panel structure of the 32nd embodiment. As shown in this drawing, a structure 71 not havino 
the R pixe^ porton but having the G pixel portion having a thickness of 0.55 pm and the B pixel portion having a thick 

o « ^ ^tem birefringence mode using the n type liquid crystal. Further, the height of the protrusion 20A is 
f on ^ R pixel. 1 .9 urn for the G pixel and 1 .4 for the B pixel. Further, the gap of the protrusions is set 

to 20 Mm for the R pixel. 25 ^m for the G pixel and 30 jim for the B pixel. The area ratio of the B pixel: G pixeI R pixel is 
set to 1 :1 .03:1 .07. In other words, the pixel areas are so set as to satisfy the relation R pixel > G pixel > B pixel 

The structure 71 uses an acrylic resin, and after a resist is applied to a thickness of 1 .4 ^m for the B pixel a pro- 
trusion having a width of 5 ^m is formed by photolithography After a vertical alignment film is applied, a 3 6 um 'spacer 

!f* J? IT f ^ °^ *® ''^ys^a' Charged. In this way. the thickness 

of the liquid crystal layer is 5.7 ^m for the R pixel, 4.6 Mm for the G pixel and 3.6 pm for the B pixel 

rp shows the panel structure of a modification of the 32th embodiment, wherein a protrusion is formed on the 

ri^tfS,! fh 1^'^^ °" P'''*' "^'"^^ 13 of the TFT substrate 17. In this modification, an acrylic 
T2^T^l " ^ ''^^"S ^ ° P°^°" ''«^i"9 a thickness of 1.1 Mm and the B 

?r m 1 p""' 1 ^^'^^r °' ^ ' "'""''^^ *° « *s applied to a thickne^ Of 

orlaZZ ^3 5 1^"°^ ^r""*' ^ ^ ""^ "^"^^ photolithography. As a result, the height of the 
^oA^ 1 . f ^ ^ ^ ^"^ '^^ ° P*"^' ^ ^ tor the B pixel. The gap between the f^otrusion 

i= .^^'^J'*'^^^ difference film (retardation value: 320 nm) in match with nd of the liquid crystal layer of the G pixel 
he TJ^ " °^ 32th embodiment and to its modification produced in the manner desc^bed able. ^ 
Tto Jo dl?IlT "'"^"r' °' P""" ^"^'"'♦^'=e. viewing angle and the critical angle direcSn 

tSilk^^ T,!!^^ "^'^ -"easurement results obtained by (hanging tiie 

^ "S'l'^^^'" ^"^^ '''S- 249 as the reference values 

^itl^nf Z^TT^S transmittance (luminance) in front can be increased by increasing the 

^ 1 *° '"^""^ ^ transmittance as represented by the prior art exampte 1 but be<^iBe 

Ite SSitT ' ^T" ''""^^^^^ '^""'^ Pa"«'« <^ 32th ei^Tn^^^nUr^ 

Its modification, the gap of the protrusions or the slits is narrowed for the R and G pixels so as to make unif«-m tho 
re^onse speed of the l«,u« aystal. and the transmittance becomes lower than^atXe prSlrt ^^"e "as Z 

TcJ^angTeb^es sillier ' " """"" '''"^^^'^^ °' tl^e <=^*t. 

to thl^wT^" ^"^"^I^ *° embodiment and its modification can brighten white luminance to the level equal 

to the TN mode wrthout causing coloration of the panels in the broad lange of the viewing angles sS^te^e SuS 

obtained wrth high color reproducibility even when dynamic image display is made ayer. oispiay can be 

Next, processes for forming protrusions will be described. 

When protmsions are formed on electrodes 12. 13 of a CF substrate 16 and a TFT si.hctrato 17 »i ^ . 



30 



35 



EP0 884 626 A2 



ating protrusions, it is thought that an insulating layer used in the conventional process is further patterned in order to 
leave the pattern of protrusions intact For creating conducting protrusions, a conductive layer used in the conventional 
process is further patterned in order to leave the pattern of protrusions intact 

Fig. 133 is a diagram showing the structure of a TFT suljstrate in the 33th emlxxllment. The thirteenth 33th pro- 
5 vides a structure in which an insulating layer used in the conventional process is utilized for creating insulating protru- 
^r!^r.^^l "^'J' ? electrodes 13 are formed first. An insulating layer is formed on the ITO electrodes and 
portons of the insulating layer coincident with the ITO electrodes 13 are removed. At this time, portions of the insulting 
ind protrisions 68 are left intact. The gate electrodes 31 are then formed. An insulating layer is formed 
and portions of the insulating layer other than necessary portions are removed. At this time, if the protrusions are 

-^Ifn ^^J^" '"^'^'"9 coincident with the protrusions 68 are left intact 

Thereafter, data bus lines and TFTs are formed in the same manner as a conventional process. In the drawing refer- 
ence numeral 41 denot^ a drain (data bus line). 65 denotes a channel protective film. 66 denotes a wiring laye^ used 
to septate devices, and 67 denotes an operating layer for transistois. The ITO electrodes 13 and sourcl are^nS 

" nrorol? wlf^t!!]^ are diagrams showing examples of a pattern of protrusions manufactured according to the 
process descnb«l in corjunction with the 33th embodiment. Fig. 134A shows linear and parallel protrusions Sid t^ 

t^:^nZZT ^ ^'^ '^'^ ^'^^ P^°t^"«'°^ used todivide an^eJ? 

1 p°xe^ domain into four regions. In the drawings, reference numerals 68 denotes a protrusion, and 69 denotes 

20 Fig. 1 35 is a diagram showing the structure of a panel of the 34th embodiment. The 34th embodiment provides a 
sfruchire in a conductive layer used in the conventional process is utilized for forming conSgTotru^nrin 
this structure first. aTFTIigW-imerceptive metallic layer 70 for interce^^ 

25 3?Ts^^!r^ farm!? ! ^" '^^^^ ^"^^ ^^ereon. A layer of gate electrodes 

time, portions of the insulating layer coincident with the protrusions 20B are left intact 

34ti, eSiJ^lml^Fill^S'T ^T'^ ' °' manufactured as described in conjunction with the 

regions, and Fig. 1 36B shows zigzag proti^usions used to divide an orientation-divided domain into fm ir roninn= i„ h,^ • 
. drawings, reference numeral 20B denotes a protrusion. Reference nuSSl 35 d^^esTc^^^^^^ 

trodes 35 are extending along the edges of pixel electrodes so as to work as black matrices tait^^iITifrom^^^ 

adveXfljL^ '''"^ °' '^"^ crystalline mote toSS 
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^hnw^^fn P^^^l^^^? ^ manufacturing the TFT substrate of the panel of the 35th embodiment As 

Shown m Fig. 137A. the gate electrode 31 is patterned on the glass substrate 17. Next the^Nx teyerTTe ^m^ 

Sull^^Z^fA^^' "^^ ^ *° '^'^ P<"*°" o* <^»^annel protecting fS The n* a 

S. layer and the T^AI/Ti layer corresponding to the date bus line, the source41 and th^ 

^^^42'^ iSr"" '=--P°'^i"9 to the date bus line he s^^e 4TaS S 

tr^det^su^^^^^^^^^^^^ 

r'rt^e^t^eTe^rP'frt'""" to the protrusions. A. this time. thfoo'SSTote 2urc~:SS 
♦h.^ T. ^ e'eclrode IS formed simulteneously, too. Further, the ITO electrode layer is formed and nattS^^ 
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T "iP™"^ « sectional shape of the resist deriving from a change in temperature at which 

in„rr.![!l ^"^^ *® temperature was raised to 150»C or more, a further change in sec- 

tional shape was limited 

ic i J!ll!!!!?»°*K^!r^iL' ^ was l>aked at 200»C. aside from a reason that the sectional shape of the resist 
L !^ ! ^^'^ ^^'^^ important reason. That is to say, when the resist employed in the prototypes 

embodiment, the resist is t>aked at a high enough temperature before the allgnmem film is formed, and thus prevented 
from reacting upon the alignment film ~. •«« mus prweniea 

DaJ^tti^hafbt^'IJir^ " ""^"^ *° ^'^P^ -^yindrical. 

In i ^ ^"'"''^ "''"9 P^**^" °* protrusions whose sectional shape is cylindrical 

In Je foregorr^ examples, the sectional shape of a resist is made cylindrical by optimizing the baWng tei^eratuTe 
Depending on the line width of a resist, the resist becomes cylindrical naturally. Figs 146A to ?46C aJe dfao^^ 

rcro^^fthe'S-tr " ""r ^ ^^^^ ^ fh^eoTi^er; me .r;: sraS^s 

7Z^^.^l SL « P;f ^ind"c^ shape naturally. Presumably, therefore, when the line width isSo.^ 
ilTS of^r ■ f ''"^ ^"'"^ ^ «*«P« "e formed. In an existing displaTSe 

L 1*^^ 1 T^^' ^^'^'^ ''^ ^'^^P*^- Depending on the performance of an exposure device ev^ ^hen 
the ime width ,s m the unit of submicrons. the same alignmem can be thought to be attain^Wrincipte 

When a protrusion ,s used as the domain regulating means, furthermore, it becomes necessary to form a vertical 
alignment film thereon. Figs. 147A and 147B are sectional views of a conventional panel u^^^JSon Tslc^^n 
regulating means, and illustrates the protrusion. Referring to Fig. 147A. on the sutSatesT aSiTa^e fo^^S^ 
f I ters and bus lines as well as ITO electrodes 12 and 13. Protrusions 20A and 20B arrform^therSn ^ISS 

ufacTe^ b?!s^ S'rLrf^S^^^^ positive-type photoresist such as a TFT flattening agent HRC-1 35 man- 
. P*"' «e"e*«Wy to tfie vertical alignment film, expels the material of the vSti- 
Ra ?7R ^ T -s applied and makes it difficult to form a vertical alignment film onThe sur^S Sihe prrtrus^^ 
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™S 'IS'"!? T "^'"^ ^ photoresist By using an excimer UV irradiation apparatus, the sub- 

strate .s .rradiated wrth ultravralet rays of a main wavelength of 1 72 nm in an environment In which aToxygen concen- 

. ^^"^'^ ^ "^♦^"^ ^^^'^l The «hus Obtained substrie is 

5 washed, dried, and is coated with the vertical orientation member by using a printer Since wettabilitv h« hl^ 
.rrproved by the irradiation with ultraviolet rays, the orientation material I not e^K L veTcf ilmem^^ 

ertes wH dS2t,7^" ^'"^ '^"''^ ^^'^^ favorab.rdX p,^op 

ertes without defect that stems from the expulsion of the alignment film. 

«.n, ^^If ^"^ ^ ^"^^ illustrating a change in the expulsion factor of the material of the vertical alionment 

ngTsTATsroS^Z^lv;^^^^ 

« injSrtcf"^'^^ for generating ultraviolet rays having a wavelength of not longer than 200 nm there can be used 
TTe Z,rT T "^"^ *° above-mentioned excSner UV IrradLon 

b«n, ,e« to sand afT, ^s^S^ S """"^ " I* "»> ^ 

solvent of the alignment film can be useSTiSle 9«""™-b^yrolactone. methyl cellosolve. etc. as the 

sion i;?rheT«';,*:S^Tan^^^^^^^^^^ antLlrf"' an example of the production method of the protru- 
thereln«nepartlc,es(paSat:"(;^^^^^^^^ 

Shades theTotrusiCrtion^Sol in p^^^^ ^"^ .^^«'°P«^ "Sing a photomask 356 lich 

can be obtained. The f^e alumTnaSdes ?57 ofotr.^. w " "l!* ^ P™*'"^"" ^520 

surface to form holes. In other^s^^ e SnSL^^^^^^^^^ the surface of this protrusion 20A and fall off from the 

reason. wetfabil^canbei;,::S^rn^::e:;S:^^^^^^^ 

abov^ :eTcS.^;oV:fTellTZ^^^^^ P-^-'- - ^'^i-nt described 

of the fine alunSia particles ^cee* h^L . increased. When the proportion 

carried out by expo^. Rgs ^iT,' ^ctJ^a mlS^ T'*'^ ^"^^ ^ be 
concave-convSs on theU^e oS the p^fjon' m^S'bl inciS^^'^""' """^^ 

.eartro?:r:;ror rr^^^^^ ju^r 'asS^ "-t - 

photosensitive resin at portions ott.tr S ^^^0^. 1^ ^ ^ '^'^'^ corresponding to the photomask 358. the non 
.her. the protrusion 2TTi Z^ZTsZnTfir;S^ ''^r^^ ^^"^^ *^ 

surface Of the protru.on 20A ^ beca J ^::r:;:s.:^t'::r:z-^^^ 
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number of concave«)nvexities are formed, and wettability can be much more improved than in the embodiment shovwi 
in Fig. 154 when the vertical alignment film is applied. 

Figs. 154A and 154B show another manufacturing method of the concave-convexities on the surface of the protru- 
sion by the fine particles. In this example, after the resist 360 is appUed to the surface of the electrode 12 the fine alu- 
; mina particles 361 are sprayed and allowed to adhere to the surface of the resist 360. foUowed then by pre-baking 
Thereafter, the protrusion is patterned in the same way as in the prior art and the protrusion 20A shown in Fig 154B 
can be obtained. When this protrusion 20A is washed, the fine alumina particles 361 exist on the surface of the protru- 
sion 20A and fall off from the surface to define the holes. In consequence, the concave-convexities are formed. 

Figs. 155A and 155B are explanatory views useful for explaining an exanple of the manufacturing method of the 
0 protrusion in the 39th embodiment, and represents the example wherein a protrusion material is foamed to form the 
concave-convexities on the surface of the protrusion. The resist for forming the protrusion 20 is first dissolved in a sol- 
vent such as PGMEA (Propylene Glycol MonoMethyl Ether Acetate), for exanple. is applied by a spinner and is then 
pre-baked (pre-cured) at 60°C. Under this state, large quantities of the solvent remain inside the resist. Patterning is 
then carried out by exposure and development by using a mask. 
■' According to the embodiments as described above, as shown in Fig. 1S6 with a broken line, the temperature is 
gradually raised inside a clean oven up to 200°C in the course of 10 minutes, is held at this temperature for longer than 
75 minutes and is gradually returned to the normal temperature in the course of 10 minutes. In contrast according to 
this embodiment, as shown in Fig. 156 with a continuous line, the substrate is placed on a hot plate at 200-0 and is 
heated for 10 minutes. At this time, about one minute time is necessary to raise the substrate temperature to 200»C 
Thereafter, the substrate is left standing for coding for 10 minutes to the normal temperature. When quick heating is 
earned out in this way. the solvent inside the resist is bumped and bubbles 362 are formed inside the resist as shown 
in Fig. 1 55A. The bubbles 362 are emitted outside from the surface of the protrusion 20 as shown in Hg 1558 At this 
time the traces 363 of the bubbles are left on the surface of the protrusion, forming thereby the concave-convexities 

kicidentally. when the resist dissolved in the solvent is stirred before the application and the bubbles are introduced 
into the resist, foaming is more likely to occur than when the resist is quickly heated. Stirring may be carried out while 
a nifrogen gas or a cartxjnic acid gas is being introduced. According to this method, the bubbles of the gas are intro- 
duced into the resist and a part of the gas is dissolved in the solvent, so that formability at the time of heating increases 
Water of crystallration which emits water at about 120 to about 200OC or a clathrate compound which emits a guest 
solvent rnay be mixed wrth the resist, too. Water is emitted from water of crystellizatfon and changes to a steam or the 
guest solvent is emitted at the time of heating, and foaming is more likely to occur. A solvent or a silica gel adsorbino a 
gas may be mixed with the resist. The adsorbed solvent or the gas is emitted from the silica gel at the time of heating 
and wjnsequently. foaming is more likely to occur. Incidentally, the solid material to be mixed must be smaller than ttie 
height of the protrusion and its width, and must be pulverized in advance to such a size 

The fine pores are formed in the protrusion in the 37th embodiment whereas the grooves are disposed in the pro- 
IntLT '"1^ 38th embodiment, and according to such structures, the vertical aBgnmentfilm can be formed more easily 

^uch ^ ^ kU*^'- ' ^^"^ '° ' "^^^^ °' '°^'"9 P'«^"Sion having the grooves 

such as those of the 38th embodiment. » a wveo 

whiri!.^.«°rjrr^ ^ ^re formed adjacent to one another by using a photoresist 

reflection intensity, tt,e baking temperature, the composition, and so forth, and when the suitable b^ng condition is L 

mJ^TZ 2^''^',?-^""^ '° a'ignment filrS 22 is a^^lfed^ 
lrSm.^n%n "1^ ^'^"'"ent film 22 can be formed satisfactorily because the cenStTttie 

prrtrusKjn 20 is recessed. After the material described above is applied to a thickness of 15 am the protrusSifses 
foMO to 30 S^TT « 3 Mm and a gap of 1 ^m between the protrusions The filmtmen ^^^180.0 

for lOto 30 minutes^ As a result, two protrusions are fused to each other to form the shape shown in Fig 157B A 
Sl^en te^niTc T '^"'^ protrusions 365 and 266 can be fused to one another 

t^ hlht « * r ^' 9«P «^*in the range of 0.5 to 5 ^m Xn 

he height of the protrusions is greater than 5 pm. flnis height affects the cell thickness (thickness of the ifq^S oysS 
layer) and impedes injection of the liquid crystal. When the width of the protrusion is srmller tSn 2 on Se i^?! 

In ttie foregoing was described the treatinent for improving wattability of ttie protrusion relative to ttie material of the 
ahgnment fdm according to the 39th embaliment. Here, the protrusfon may hL any patteTanJmayTc^t^e of Se 
beTl rlT 7 cross section. Moreover, the material forming the protrusion is not ifm'L to the phc^'rS^ L m^y 
^tl^^ ^ " °' ^ « '^^sired Shape. By taking into <»n JderaSiTe 

.ssoft.«noteasilypeeled Off and can be subjectedtothe ashing. The materfals satisfying these cond^o^^^^^ 
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toresist, black matrix resin, colored filter resin, overcoating resin.ard polylmide resin. These organic materials make it 
possible to improve (treat) the surfaces through the ashing or UV irradiation. 

According to the 39th embodiment as described above, wettability of the surface of the protrusion is improved for 
thematerial of the alignment film, making it possible to prevent a trouble in that the alignment film is not formed on the 
5 surface of the protrusion, the quality of display is improved and the yield is improved 

trocr niHf.^*" ^ '^f* "^'"^ ^^""^ °" perimeter of each pixel in order to prevent deterioration of con- 

ttastderivingfromleakageofl«htpassingthrougharegionbetv.eenpixels.Fig. 158 is a diagram showing the structure 
provided with black matrices. As illustrated, a red filter 39R. green filter 39G. and blue filter 39B 
Tm^T^ JTa^ ^"^^ °" ^ ^""^ 1 6. and TO electrodes 12 are 

nl K r T '^T^"^'^- "^"^ "^'"'''^ ^ °" ^^^"^ red. green, and blue 

S i 7 A ^ sate bus lines or TFT devices 33 are formed together with ITO electrodes 13 on a TFT sub 

strate 1 7. A liquid-crystal layer 3 is interposed between the two substrates 1 6 and 1 7 

i«n ^IVm^^ ^ "^^^"^ °* ^ P*"*' °* ^ embodiment of the present invention and Rq 

160 s a dagram showing a pattem of protrusions over pixels in the 40th embodiment. As illustrated the ,S fiter sgR 
.5 green filter 39G. and blue filter 39B are formed on the CF substrate 16. As shown in Fig. ,60. thfprS'uSnVaOA f"; 

strate 16, though they are not shown in Fig. 159. The protrusions 20A are made of a llght-interceptive material Protru 
sions 61 are formed on the perimeters of pixels. The protrusions 61 are also made of a light intrcept^ mS^^^ 
function as black matrices. The necessity of tomiing the black matrices 34 like in the prio? ar^^SS TSr^f 

ufactunng^the step of creating black matrices in the course of creating the CF substrate 16 can be omrtted Referee 
"Tpia 159 JJ^r^^rj^^n^^^^^^^ The protru^ons 61 are designed to intercept light fr'^tTl^f 
or JJ, I? J protrusions 20A and 61 are formed on the CF substrate 16. Alternatively, the protrusions 61 or 20A 
s 1 eiid I^Tu^J^ °" ^-^l^bstrate 1 7. Owing to this structure, a mismatch'between the Sf substrate 

I r^^JT substrate 1 7 occurring during bonding need not be taken into account. Consequently the numerical ^er 
1 H Ji" ^K?' T °' ^ ^^"^'"^ ^" '"^^^ outstandingly. Assumin^thJSe CF suSlTe L 

provided wrth black matrices, when the TO electrodes 13 on the TFT substrafe 17 and open porTor^ (poSSthom 

nr J^T r '^J" '""^ ^"^'^^ ' ^ ''^^'^^ *° be mutually identical, if a bonSng LrTch o^rr^n the 

regulatng means is prsisnibl. SS«d o™ mJht, ^ " "lerelofe. me doimti 

matrix (BM). •''»^'- »'«<'°™in regulalnj ineans Is inasl<Gd by loe ol a bteck 

=- e'!^X'Sj^\?,^,':r=t2,':^'1:"' « li-e TFT.« « boundary b«waan me 
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line 31 is shown) and the cell electrodes 13. 

* ut ^ according to a 42nd embodiment CofT>^entionally, a delta airangement is known, in 

whrch the display pixels, which are substantially square in shape, are arranged in adjacent columns one half of a pitch 
displaced from each other. In a color liquid crystal display device, a set of color pixels is configured of three adjacent 
P'*f s °';_3B. 13G, 13R. Each pixel is almost square in shape, and as compared with a l-to-3 rectangle, an equal pro- 
porton of liqu^ aystalline molecules can be easily secured in each direction of division without reducing the protrusion 
interval considerably. In such a case, the data bus line is extended in zigzag along the perimetric edge of the pixel. In 

ml!r>*';!'t TT^^^ '^r'^ ^^^^ ^ P^°^s'°" arrangement or a depression arrange- 
ment IS continuously formed over the entire substrate surface for orientation division 

' nrJumV^""^"^^ ^ '^^'^ ^" embodiment using the protrusions for controlling alignment or the 
Z '^^'^ ^ embodiment as spacers. As also shown in Rg. 19. spacers are 

t^Z lTia^Jl !^ °* ^ ^ P*^^ °" ^''i^^ between pixels and 

define the th^ess crf cells. The spacers 45 are. for example, spheres having a predetermined diameter. 

^ ^'9®-1^^^^5B are diagrams showing the structure of a panel of the 43rd embodiment. Rg 165Ashowsthe 
T^"l! ? ^ Shows a modfflcation. As shown in Fig.'ieS^Vn th^S 

of tf^e 43rd embodiment, protrusions 64 formed on the perimeters of pixels are made as thick as cells, and thus dS 
the thickness of cells. In the drawing, the protrusions 64 are formed on the TFT substrate 17 Altern^ive"y Te orrtm 
sio^ 64 may be formed on the CF substrate 16. This structure obviates the necessity of indu2^aSs No ^ 
S c^f 111^°"" °* ^ ^ " verficany-angned panel oT the like, the posWons of p Z 

siore (cen holder areas) of the panel appear in black all the time irrespective of an applied voltage. The black matrices 

oTa:aCare7n^t:S.^""'*'^''^°'"^^^^^ 

n ""^'11!"' P™fr"s«"s 64 define thethickness of cells. Thepredsion in thick- 

nessof cells .s dominated by the predion in fomning the protrusions, and is therefore poorer than tha^ perSj; wLtn 
he spacers are used. A panel having the structure of the sixteenth embodiment was artually produced i^a^^ a 
e.el of uncertainty in thido^ess of cells can be controlled within ± 0.1 micrometers. This l^el SSd not ^e a^y ^r 
TXZf: T"^'- ^''"'"'''^ ^^^^ ^'<*"^ °' cells must be cSnt^lL S 

I67bT™.^^^^^ '^V^^^ ^ '"""^"^ *° P^'*'^'"- modification Shown fn Rg 

ThI c T 7k "^""^ ^ *° protrusions 65. and the resin is applied to the ^bSra te 

th.t fh. r " "^""'""^ *° Prou^ions. in this modification, the merit SieTJ^SSJSS 

ol.* /'^ unnecessary is lost, but there is a merit that the thidaiess of cells can be definSTrrSpS^re to 
1 Th!rj? °* P'o^'ons. A panel having the structure shown in Fig. 167B vX^u^^a^ 

a^y. The thickness of cells could be defined so predsely that an error falls within ± 0.05 micrometerr^XertSSs 
spacers are still needed. However, since the spacers are mixed in a resin, the spaceis are ^angil vS^feTheSn i! 

Se ^ietsToS z °' ^ 

ctr,!'^! '^^^ l"l ^'^ '^'^'^"'^ modifications of the 43rd embodiment Rg 166A shows a 

tte ma er'iar.:;? T ^ °' ''"^ embodiment are replaced wrth protrusions 81 r^^ e S a XS^iSp 

^^^^^^^^^^^^ 
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Fig^ shows a structure in which the Uack matrix (BM) 34 is interposed between each pair of the CF resins 39R 
and39G. The black nwtrices 34 are fonned thicker than the CF resins, and the mO electrodes 12 are formed on the 
Wa* matrices 34. The black matrices 34 become protrusions. Even in this case, the black matrices 34 should orefera- 
bly be made of a resin or the like. « m> wca 

5 In Fig. 1 75B. the thin black matrices 34 made of a metal or the like are formed on the CF substrate 12 The CF res- 
ins 39R and 39G are applied to the black matrices, thus forming color filters. Thereafter, the CF resin 39 is applied in 
order to form protrusions 70. The ITO electrodes 12 are formed on the protrusions 

,Q« ^12^^'^ ^^'^ "^'"^ ^ ""^^l °' ^^"^ tormed on the CF substrate 1 2. The CF resins 

39R and 39G are applied to the substrate, thus forming colorfilters. A resin other than the CF resin, for exanple. a resin 
10 used as a flattening material is used to form protrusfons 71 without the use of the Uack matrices 34. The ITO electrodes 

Z^:i^:^:TnZ cf^r^'^ ^^'^ ^^^-^^ ^^^^^ - 

rvirf « V^i^ ^ ""^ ^° '^^^ "^^''^^ 34. of which thickness is the same as the thickness 

ofprofrusionsontheCFsub^^ 

To tJ. 2.1 ""^ "'^^""^^ ^« T*'^ portions of the S resins 

ping the black matrices 34 serve as protrusions. « «v 

*® '^^^ "^"^ ^ ""^^ °* ^ °' formed on the CF substrate 12 and the CF 

TO eSc^^T^'ITJ't? '''' ^ applied to overtep the CF r^sin 39a ^ Se 

TO electrodes 12 are then formed. Portons of the CF resin 39Q overlapping the CF resin 39R serve as protrusions At 
20 the positions of the protrusions, the black matrices 34 are included for not allowing passage of light ?ther theTolo 

forming color filters. The number of steps will therefore not increase 

stratL"«^thJ7n!'ch!ll"'™"r? '^S'Sf J' '° parts of the CF resins 39R and 39G on the same sub- 

strate the one shown in F.g. 1 76A. Portions of the flattening material 71 overlapping the CF resins serve as orotru- 
='°"«^^0^;"9tot;'s^"cture.theflatteningmaterial71 can be made as thin as frJh^ht of pro?usfonr ^ 
The aforesaid structures are structures in which ITO electrodes are formed on protrusions and electrodes have the 

30 elecL?s ]ltTZ^'^-^^Z^l ^'""^ °" ^^^'^ ^ ^P'y'"B the CF resins 39R and 39G. the ITO 

nt^JSsteps w^^nc^^^^^^ ^'^'^^ ""'^^ *° ^^"^ 

In Fig 179A. after the thin black matrices 34 are formed on the CF substrate 16 the ITO electrodes 12 arpformort 

35 ^nFT^7iB^£^T.T^^T''°"' ""'^ ^«P« '"Crease. ^ 

the CF^Lnl 39R ari^^ '"^"'^ °" ^'^^ ^"^^^^^^ ^ 6. color filters are formed by applying 

" ^° ''^''"^^ ' ' "^^ ^^^^^l 71 is then used to form 

CF resfn's sIr anf.Pr '^^^^ °" ^"^'^^'^ '=°'o^ are formed by applying the 

CF res^s 39R and 39a The black matrices 34 are then placed on the color filters, thus forming protrusions 

thecFsr:;riJS'^ 

resin (resin R. CR-7001 . manufactured by Fuji Hanto Co ) 39R' for red filter u^^^^J^^l^ I ? • ^ 
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mask-sputtenng. Referring next to Fig. 181 F. a t)lack positive-type resist (CFPR-BKP manuiactured by Tokyo Ohka Co ) 
.s applied by ttje spm coater mairrtaining a tt,ickness of about 1 .0 to l .5 i. pre-baked. and is expos^ to u7^vSl« raSs 
thpT? ' 3^ « ^ ^000 "yi'cm^ from tf,e te* surface of the gSISs^eTs 

^.n^^"]^'^"^"^ "^^'^ '^"^ ^- ° ^ " superposed in three laye-s perm J ultraviolet raj^ to fraSSS 
throughlessJanthroughotherportions.andv^ereathresholdvalueofexposureisnotrM^^ WhenS^S 
Z"^ ZT"" ^ P"^^"^''" 20A a^TSrmed that were not «S2^o^W 

H ''?J^ ^ "'^ °* ^ P^"^ completed by sticking the CF substrate 16 prepared as 

means in the pixel electrode 13, and a vertical alignment film 22 is formed thereon Reference numeral ntJZL f 

2rA Of fhe CP sL^Tmb and thi sW 2? TT^*^ "hT ^ ^""^'^ P™*^-^" 
si^etl^^alnro^l^^r^erai^^^^^ 

and "^^Ill «s described above, the protrusion 20A which is the domain regulatino means 

e.eM^^e'^,r^^l^^^ CF This can be similarly adapted 

'-r^^^r'T^TT'^'''^^'^^^^ = case BM . 

In th<. 4ft* : If diagrams illustrabng a panel structure according to the 48th embodiment 

The CF <:;,h«^!t^ Tn^i ! ^ '® ~"stituted by both the BM protrusion 381 and the BM resist 380 

by a spin co«,„ nswairtn, , «ci™J ^« 1 V ^ CSSTS^IlT.Tr''^ * 
wning a »,iel™« of ,i toTs^r^JSS^^nl . iT^f Eaa Ca) « applied mam- 

..~=.,«™,.a..ea^TaSCSLT.i^r,^:.'^?jr,^~?r^^ 
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spacer 45 to obtain a panel as shown in Rg. 186. 

The 47th to 49m emt>odjments have dealt with the cases where the BM was formed by superposing the CF resins 
Thehquid crystal d^play device of the VA system holding the negative-type liquid crystals, is normally black, and the 

shielding light tor the non-pixel portions may have a light transmission factor which is not acceptable in the case of the 
normally whitedevice. That is. the BM may havealight transmission factor which is lowto^^^ 
.memjstoeasilyproduce the CF substrate by giving attentiontothispoim, and usesaCFresino/i^ 
uses the r^n B ^ the BM. This does not develop any problem from the standpoint of qual^ of dX * 

188A and 188B are diagrams illustrating the panel structure according to the 50fh embodiment 
formS^^Tn ni ^rj^^ '^^ ° "^ufactured by Fuji Hanto Co.) of two colors are 

ST^a^oiSS^ln^'^'" "«9««-«-»yP« f*c«osensitive resin B (CB-7001 manufactured^ F^r^mo 

Co.) IS applied thereon by using a spin coater or a roll coater and is pre-baked Then the alass substrate ifi i.: l^r^^ 

using an alkali developing solution (CD manufactured by Fuji Hanto Co.). and is post-baked In an oven heatS S'C 

Slm^Sr^l!;- ^r^^'-J" ^^^^ « a'^n-^nt^ is formed. C isTfrSin B is 

ZTZ^l!°2°^,TV T P"'*""" '^'"^ R and G are formed. The CF r^n? a/e Vo^nSjd 

Referring to Fig^ 188A. the resin B 39B is formed as BM on the portions of bus lines 31. 32 and on the portions of 

TrS Sr fon ?S sf 3^t^J,p^o nl^^' ^ ^ "^^th of the light-shield- 

Z ^Z^l 7^1>^ ^ '"^^'^ "^"^^ ^" *° to ^^f-s 0^ tt^e bus lines 31 . 32 of 

ITI^ISk Jl ^ ® '® ^'^''^ "'"^ °* s«'**"9 the two pieces of substrates together 
in the 50th embodiment the resin B is formed last since the transmission factors of the g- h-^i-S^^ 

bee^'^'r """"n ^ > resin R > resin G. When the CF resin having a high ex^sSre seSii^fwS^ch .^y" 

^^^^^ 

Fig. 1 92 is a diagram illustrating the structure of the CF substrate accordina to a 51 th Pmhnriir^om i„ 

is formed, and the siAstrateTilL wa^LTt, According to the conventional method, the ITO film 12 
When , colored ,es,r, ha™,, . ,0. r„,ec«on <ao«, . used a. «,e ,esi„ 3« o, 39B:^^r:S^°shi«din5 .*n 
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Zl n "^^^ ^ <*ecreased reflection factor, and light falling on the liquid crysfal dispby de/ice 

tteT^in S ^ f M • " « ^ans-^ssio" factoMs used as 

tor eSi'^r 

tor. enabling the contrast of the liquid crystal display device to be enhanced. 

5 In the structure of Fig. 190B. furthermore, the CF resin 34B is formed requiring no patterning Therefore there is 

r.T^ *° "Tf" "^"^^ "^'"^ ^« «««=»'"9 the patSning and expeS^r^r^Sy 

and the investment for the facilities can be decreased and the cost can be decreased too correspondingly. 

tinn embodiment. CF films are formed on a CF substrate, the CF substrate Is coated with f lat- 

^2 f ^'^'^ ^ ^'^'^ °t the substrate becomes flat and an el^oSe oT^nTt^f Hml 

which the surface flatting step is not performed is called a CF substrate with no too-ooat -mecStutJratl STk I 

into t^e CF fLti;!rlr^ °' ^"^""""^ °^ P^'"**^' '"^'"ded in the material infiltrates 

ins^e tl^ cS ' """^ " "'""^ " "^^"""^ '"««^««^ solvertVenS S 

^fr^nr, *o «. ,^ . L ^"^""^ ""^^^ completed. The solvent remained inside the CF films generatescra! 

tor Ihe display a toSs I^SSSX^r^^JS^ '^J " ""^ ""^ * " 

TKe dsscnmon ol tne tectinologr will 6e omilted * ™« ^l*"™ "tHnolog, is we«.|<iii>wn. 

large -May sTTls^SSS S« oiSm llS,"?^ ^ ■* ' «"»< ' 

gels so laroe lhal Ihe ina.giSM"^LSSS.^J?^^ " «" » ""^i""! PS" " "le "reen 

lion IS lmp;m«,ed iTpSl?S^?hI.Sl!^T'';= "fal display in «l« «« present inven. 

o.S.ay.scaer.^isalln^.^S^rslrnCli^'S^ 

» <i Viewing angie r^ative to a longer margiral part of the display 
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screen becomes large^ It has therefore been impossibie to adapt a liquid crystal display to this Wnd of product. The liq- 
uid crystal display of the present invention permitting a large viewing angle can be adapted to the product 
H ■Jl^.fT^ emljodimente provide liquid crystal displays in each of which the orientation of a liquid crystal is 
divided for dividing each domain of the liquid crystal mainly into four regions whose azimuths are mutually different in 

K ^ -"^'"'y ^° ^«9ions whose azimuths are mutually differerrt in increments of 90° 

.^^L^Jw H t '^''"^f J" '° applications of the present invention. When the orientation of a liquid crystal 

^^SZ '^"^ «^ "'"♦"ally different in iricre- 

w orSJjJ.n c J?°f ""Z"^ ^"^ ' Characteristic can be exhibited in almost all directions. To whichever directions the 
10 onent^n is set. no problem occurs in particular. For example, when the pattern of protrusions shown in Fio 54 is 
arranged as shown in Fig. 196A relative to a saeen. a viewing angle at which display ipears wSlJ^or mSe bo5 
in lateral and vertical directions.. Even after the screen is turned and the pattern Jpr^^oTs is^^g^ asSat^ 
on the right side of Fig. 1 96A. no problem occurs in particular. arrangeo as illustrated 

By contrast, when the orientation of a liquid crystal is divided for dividing each domain thereof into two reoions 
^'T^r "^"""^ "'^"9 angle characteris?c will be i^^ro^ Sa Je t^TJielrTc 

SS^oS^So 1^""*"'°': "^"^^ """^^ '^^^^ toTirections Cerent fro^ Jie 
d^echons by 90°. When a nearly equal viewing angle characteristic is requested to be exhibited in both lateral a^ver 
tea. directions, a pattern of protrusions should preferably be. as shown in Fig. 196B, run in an ob^ue SreS ra 

20 Next, a process of manufacturing a liquid crystal display in accordance with the present invention will be described 
In general, the process of manufacturing a liquid crystal panel comprises, as descried in FiiTs? a sCitS dea^: 

»l!S!ila^tlfiST'**" """"^ "^'"^ a a» 51 1 Of awyino a ,«a, a step « p,e-bak>no 
.-JlTT*"" ' ''°™" '^'"•■'"S "laans. "earl), lha same pracess as the lo.eooino one Is 

re^^SL-rir^SHriT™^ 

injecting the liquid crystal as mSh as^ISle ' " ^ '"^""^^ *° ^'"^ '^'"'^"^ 

v«.l b?o,St°e^ ^AntSn'SirCe'Ta^'^^^^^ The details of the apparatus 

a liquid crystal is supSfro'TS Jri^TeSL^^ and 

618isconnectedtoaliquid<;rvstalexhaustnort anH^lT^^ Concurrently, an exhaust connector 

uum pump 620 f wde^erattn^ tS^ a to^?^ 100 is reduced using a vac- 

exhau'st^S. is s^ara'^t^ " X aCicSSCei^"' ^ "'^"^"^ '^'^ ^ 
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In the first embodiment, as shown in Figs. ISA and 18B. the protrusions 20 are linear and running in a direction 
para lei to the long side of the panel 100. The liquid crystal injection port 102 is formed on a short side of the panel ver- 

1° P'°»^"s'o"s 20, while the exhaust ports 103 are formed on the other short side thereof opposite to the side 
on which the injection port 102 is formed. Ukewise. as shown in Figs. 201 A and 201 B. when the protrusions 20 are lin- 
5 ear and running in a direction parallel to the short side of the panel 100. preferably, the liquid-crystal injection port 102 
IS formed on one long side of the panel vertical to the protrusions 20. and the exhaust ports 103 are fomied on the other 
.^o«ol ![ ^ ^ side on which the injection port 102 is formed. Moreover, as shown in Rgs 202A 

and 202B. when tfie protrusions 20 are zigzagged, the liquid-crystal injection port 102 is preferably formed on a side of 
the panel vertKal to a direction in which the protrusions 20 are extending. As shown in Figs. 203A and 203A the 
Smi? ^® preferably fomied on a side of the panel opposite to the side on which the injection port 102 is 

SaZia^^T °* ^ "^^^ "^""^ ^ '^'y^' toams are mixed in a liquid crys- 

ta^. imperfect display ensues. Assuming that a negative liquid crystal and a vertical alignment film are employed when 
no voltege is applied, black display appears. Even if foams are mixed in the liquid crystal. Wackdisplay apTeare in are^s 
IS coincident w«h the foams. The mixing of foams cannot therefore be discover^ in thSSate. fvoSge is^S to eS 
trodes ^that whrte display will appear When black display does not appear in any area, it is confirmed that no foam 
has m,«d in the lK,u.d crystal. However, since there is no electrode near the liqudirystal injection p«f even 7to^ 
are mixed ma portion of the liquid crystal nearthe liquid-crystal injection port. Se foamTcanrirt bediS^ei^i 

eo ty. Even the foams near the injecton port must therefore be discovered. In a liquid crystal display of the present iiwen- 

and the black matrices 34 so that mixing of foams in this portion of a liquid ayslal can be detected 
r,rotr^!i^»^"!? """'^ ^'V^^ display device using the domain regulating means such as the 

protrusion and the recess, the slit. etc. does not require the rubbing treatment. Therefore, contamination in tSe Snu 

tteTST'n'^" f"'!^'' ^"^ « °^ -'^^9 process can be omitted. Howev^. iTn^Z 

SintSl T^L"^"^ '"^^ contamination resistance to organic materials, particularly to polyurSane 

defe^occurs.Thisd.splaydefect presumably results from the drop, of the spedficres^^ 

" dei^^SVS^7£c^ZVTo T"J^^ '° 1^'? polyurethane resin and the skin causes this display 

oetect. 205A to 205C show the VA system liquid crystal panel. After the vertical alignment film is formed onTttie 

Jlr'^.'2tV 'I'^r' P°'y-«'^«"« '^-^ ^-"9 a Size of about 10 Mm are put on one onhe^bsSt^ 
After the spacers 45 are formed on one of the substrates and the seal material 101 on the other the sut2«t« l?« 
bonded to each other, and the panel is manufactured by charging the liquid cr^tal As^ i? s fou^^ tS Zl 

s::s^n'^rif7?or^^ 

th« li? ^^i^*""^^ V^^'esuh of the investigation of the contamination area of the liquid crystal by chanoino the size of 

is 9. 1 'f 1 0?' 9"? x?o-"an??? fl^a^rSTl^^if ^.^-^f ^^^^^ - ^-harged when the resistance 

rhor^^ c ; ' respectively, by assuming the state where the liquid crystal oixel hoirte tho 

resistance is lower by at .ea^twrdSls a wS^^sSL'^sL^^ '"^^ ^« '^'y^^ 

Next, after phenyl urethane is charged into the liquid crystal, a ultrasonic wave is applied for 10 seconds and the 
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iKIuid crystal is thereafter left standing so as to measure the specific resistance of the supernatant. It is found out from 

T/f/^"** ^ ^^'^ '^^"'^ '^"^ drastically when the mixing quantity of the polyurethane resin is atx>ut 
1 /1 000 in terms of a molar ratio 

ft is concluded from the explanation described above that non-uniform display does not occur at the level at whidi 
5 the mixing quantity of the polyurethane and the skin is not greater than 1/1000 in terms of the molar ratio 

The embodiments of panels according to the present invention in which directions of alignment of liquid crystalline 
molecules are divided by the domain regulating means have been deswibed so far. As already described, ft is known 
that optical retardation film are available for improving the view angle peiformanca Next, embodiments regarding char- 
actenstics and arran^ments of the retardation films will be described. The LCD panels of these embodiments have 

ZTf'n^i°T ^ ^ ^'^ P^^'- of alignment of liquid crystalline molecules 

are divided into four areas in each pixel. ^ / c muiiaAjie!, 

a diagram showing a constitution of a prior art VA LCD. A space formed between two electroded 12 13 

I'tfif JITA ''"1'^ "^"^ ^ f^'Q. 210. a first polarizing 

plate 1 1 and a second polar«rng plate 15 are arranged at both sides of the panel. In the VA LCD. vertical aNgnmer? 

S Ih th^L^lf ^"S"'"^,"; different each other by 180 degrees. Further, the ruSng directions inter- 
sects wnh the absorp lon axis of the polanzing plates. Namely, the VA LVD panel is that shown in Figs. 7A to 7C Rg 
21 1 shows isocorrtrast curves. Fig. 21 2 shows viewing angle regions, in each of which gray-scale reversal occurs durino 
^nd^rn:''"';'*^ ' level driving operation in such a case. From these resufts, oontrits'at directions^ ? i80» 
and 270«> are low and the gray-scale reversal occurs in wide view-angle 
formS ^ constitnton of a VA mode LCD device in which protrusion patterns as illustrated in Fig. 54 are 

Fig 214 shows iso-contrast curves in the case of the LCD device shown in Fig. 213. Further Fig 215 shows view- 
ing angle regions. ,n each of which gray-scale reversal occurs during an eight-gra^cale-level drivii^ operaSrin7e 
Ss.'SSL"""' ''S'^L^^'^ Thesefigures reveal thatalthoughi gray-scale reversa^s^^i n Se 
caseoftt^is device as compared with thecase of the convertionaldevice of the VA(vertically aligned) t^^ 
mem on the grayscale reversal is insufficient and that the contrast is not improved very mu<* ^ 

Applicant of the present application disclosed in Japanese Patent Application No. 8-41926/1996 and Japanese Pat- 
siSrgS^th^thr'^''''?^^^ 

8-41 ^/1996 that the viewing angle characteristics of a liquid crystal display device of the VA type on wWch the alion 
fS STh'*''^"""' o'*'"«- '^'^ '^^^on film (rJSy. a p^^e dTfferSe 

sbn Z Z i^^"''' "^T' ^P"'^^'^- do not refer to the cases of performing the^nmS dM 

sion by profusions, depressions (or dents) or slits respectively provided in pixel electrodes 

Of the ^ Sh'^" H*!ZJ?' "'"^'"^ Characteristics of a liquid crystal display device 

Inc « r ■ 1^ ^ *° P^^"" ^^"'^^"^ division in each pixel through the i^e of piofrusions de?S 

fTSf^r f T «'"^°des. by providing an optical retardation film Lein wHI t S^^^' " 

ri„« ?■ °P««=^.;«^^dat.on film used in the device of the present invention will be described hereinbetow by refer- 
, ^ f ''^'^ *" '''^ ^ "v designate dielectric constantes (or indices) rSSTeJ c^^^^^ 

spondnig to inplane djrect«,ns defined in a surface of th'e film. Further, let n, denote a dielectric Mreta^The d^erti 

s^rsrui^rh^e^ife's 

Incidentally, an optical retardation film, in which the following relation holds: 
ultS r""'! ""1^^ Hereunder, such a phase difference film will be referred to simply as a oositive 

toTfpiSeTjgSr?:ri^^^^^ 

ference caused by the positive uniaxial film" indicates a phase diHerence caused i^ an fiSla^e dir^on ' 
Moreover, a phase difference film, in which the following relation holds: 

has optically negative uniaxiality in the direction of a normal to the surface thereof. Hereunder, such a phase difference 
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film will be refeired to simply as a negative uniaxial film. Let d designate the thickness of the film. When light passes 
through this negative uniaxial film, the following phase difference R is caused in the direction of the thickness thereof 
H = ((n , + n y)/2 - n ,)d . Hereinafter, the "phase difference caused by the negative uniaxial film" indicates a phase dif- 
ference caused in the direction of the thickness thereof. uwtieaaHiiabeaiT 

Furthermore, a phase difference film, in which the following relation holds: n, > n, > n,. has (optical) biaxiality. Here- 
under such a phase drfference film will be referred to simply as abiaxial film. In U Le. n, Therefore fr,e axfs 
extending in the x-direction is referred to as the phase lag axis. Let d designate the thickness of the film When liqht 

?T a^Tr I ^u^^ v™^'^' '^^^^"''^ " « '^^ed in an Inplane direction- 

" "i? > "y'- '^"^er. the phase difference R caused in the direction of the thickness thereof is 

predetermined by the following equation. 

R = ((nx + ny)/2-n^)d. 

T5 present i^Jnfon.'"^^'^'" constitution of a liquid crystal display device which is a 52th embodiment of the 

Color filter and a common electrode (namely, what is called a full-surface covering electrode) are fonned on the lio- 
u.d-aystel-s.de surface of CF (Color Filter) substrate that is one of substrates 91 Z 92. Fur^e^TFr^lemente tl?s 
iarsi and 92 °" l^uid-crystal-side surface of TFT substrate that is the otherTtJ^s^J 

«i Jon '^'Jf °" *® liquid-crystal-side surfaces of the substrates 91 and 92 by applying a verti- 
cal ahgnment material thereto through transfer printing, and by then bum the material at 180-C. SubsSy a ^S- 

S ' ^«^oal alignment film thVotS^Tn cS 

2S tormlStho 2 2, ^"^.^ "^"^ ^'""fl'^ * "f^' ^»""9 « diameter of 3 5 pm Fu*er a space 

s;s™Sn"etr"'"*'''^"""^^^'^^^^^ 

i. ro'Jtitl.^i!^ i" ^!^' "^""^ ''^'^ ^^'^^^ '^''^^ 52th embodiment of the present invention 

IS constrtuted by placing a first polarizing plate 1 1. a first positive uniaxial film 94 two substrates 91 a,^ 92 

3. frs:™^thrthVo^r,^^^^^^^^^ 

thT?i^SaSlg pSe n St^'S."" °' •'"''^^ ""'"^'^ ^ ^'^on axis of 

«,n^^' ^il^^f iso-contrast curves in the case that each of the phase differences R. and R, respectivelv corre 
spending to the first and second positive uniaxial films 61 of the 52th embodiment is set at 1 10 nm STt^eT Fig 2T9 
shows viewing angle regions, in each of which gray-scale inversion occurs during an eigW-gray-sciT^I^ I dSin^of Jr 
ation in such a case. As is apparent from the comparison with Fios 214 and 21s t rT,5^^ ^ la^ldnving oper- 

condrtons or requirements: ^ ®^ following 
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Ri 5 450 nnr> - Rq, R, - 250 nm ^ ^ + 250 nm. O^Rq and O^R 
Add^on^,, the retardation An • d caused in a liquid aystal was changed within a piratical range. Moreover, the 
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twist angle was changed within a range of 0 to 90°. Similarly, the optimum conditions for Ro and were obtained As 
a resuft. rt was ascertained that the optimum conditions were the same as the aforementioned requirements even in 
sucn cases. ' 

Fig 221is a diagram showing the constitution of a liquid crystal display device which is a S3rd embodiment of the 
ZTJl! T e-^f^e"* is different from the 52nd embodiment in that two positive uniaxial films namely 
It nhf "? ^'""s 9* placed between the first polarizing plate 1 1 and the liquid crystal panel 

ttiat the ph^ lag axes of the two positive uniaxial films 94 intereect with each other at right angles Ivi thStttie ph2e 
SS^l '^.'l POsHivB uniaxial film adjoining the first polarizing plate 1 1 intersects with the absorption axis of 
the first polarizing plate 1 1 at right angles. 

^J!^;^^^}^'^'^^'"'''^'''^^^'^^^^^ Ri respectively corresponding to 

Si SI =S>r "^"^ "™"'^' '""^ ^ °' ^"^ embodiment are set at 110 nm and^nm respeSvely Fu^ 
^er F,g 223 shows viewing angle regions, in each of which grayscale inversion occurs during an eight-gray-scaJe- 
leve^dnving operation in such a case. AS is Obvious from the coriparison with Fi 

rSTc^ Co^e^ulntrv T'"^- "^^"^^l ^''^^ •'el.ray^.e re^e^rcKullTJ^S 

reduced. Consequently, the viewing angle characteristics are considerably improved 

ferencL?^^d r r^hlr? Z^'^ characteristics obtained as a result of being studied by changing the phase dif- 
ferences Ro and R^ of the first and second uniaxial films 94 in various ways In the case of the constitution of Fia 221 
^^J!1T T t S 1^' >.e.^ng angle chaistics shown in FiratTe thi 2ne as 

lefR p,^ R are Illustrated by a contour graph showing angles, at which the contiast ratio is 10. in terr^ ofc^rd' 
nates Ro and R^ . As is seen therefrom, the angle, at which the contrast ratio is 10 is not less than 390 whe^R ^ r 
meet the following conditions or requirements: " »5 lu. (s not less tnan 39 when Rq and R^ 
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2R(j -I70nm^ R^ ^2Ro+280nm. 
Ri ^-Ro/2 + 800nm. O^RpandO^R,. 

in thpr^S <he optimum conditions were the same as the aforementioned requirements even 

Ihrnn!^ 1 ""'"r'^" ent^odiment the retardation An -d caused in a?qui?ry^^ ^ 

. iiui ie;»5> man wnen Hq and R, meet the following condition or requirement: 
Ro + Ri ^SOOnm. 

in the constftutio; of Fig. 2272^^8 ly aS^«^ti?I^^ 7^^^ ? "«""e,s 
the found angles. Which isiOustrateSb/us^^^^^^^ 

reversal occurs in the case illustrated in S ri5TS" -S^.r°Jr^ ^ •ncdentally, the angle, at which the gray-scale 
Which «ne angle enabli^^n oS^rrSce o^e g^^^^ Z^n^f ''T ^l"'""'"' ^"^ ^ 
the phase differencefilm has an eH^ on ttiTgr^ sSS r^^^ "'"^^^*«^ "^'S- 228. 

contrast ratio is 10, is not less ih^Ts^^enlTJTR ^^J^'^ J^ ^ ^^"^ ^ '^'^ 

man wnen Hq and meet the following condition or requirement: 

Ro + Ri ^345 nm. 
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Then in the case of the 54th embodiment, the relation between An • d caused in a liquid o-ystal (display) cell and 

A„!^2. '!l f '^^^ "PP*' ""^ *° °P«"«' "early constant independent of 

^?Jc^^ T *'[^ ^"^ ""^^o" for a sum of the phase differences r^pectively 

5 corre^nding to the phase difference films is not more than 350 nm. «.Mecweiy 

r«,pIli!«1,!fAf V"* !Hf ^"i'^' ^* ^''^ 50-. Further, in view of the gray-scale 

reversa^ and An -d caused m the liquid crystal cell, it is preferable that a sum of the phase differences respertivL ror 
responding to the phase difference films is not less than 30 nm but is not more than 270 nm '^^"^y ^ 

,0 T"^^' ^ ^ ^^'"^ twist angle in a range of 0 to 90» it is found 

10 that the optimum condition was the same as the aforementioned requirement o »u . ii b louna 

embodiment of the present invention is obtained by removing one of the first and second negative uniaxial 
Son """'^"""''''''""''"^^^ 

r5 uniaxial fS £Tth'^Sr.^""'''J" '^^'^^^^^^ corresponding to one of the negative 

uniaxial films 95 of the 55th embodiment is set at 200 nm Further, Fig. 23i shows viewing angle regions in each of 
which gray-scale inveision occurs during an eight-flray-scale-level driving operation in such a ase 2fe o JoS from 

f iim.^ASl!™!„?l!!i° ^ e'^*;T.ents of the present invention uses the combination of positive and negative uniaxial 
5 ^3^tiorS.Tr*« "^'T "ll^ °* "^^^^o"^ to the arrangemem of such films, it has been fouS'S^tSe Sn 
s stitubons of the fifth to seventh embodiments have (advantageous) effects wurKiinaiinecon 

present iSeiSon'"'''"" °* " '"^'^^ ^^'^ « 56th embodiment of the 

~r and .aced 

^0 present invention. This embodiment is different from th*. ^rLZ \ !L ^ embodiment of the 

of wKch aray-scale iiKnsion occurs during an eki*»^^i.j^i^I?„ ~ ~* 
from DM comparison irith Fios 214 .iM 5V5 T,™. ? ? f "° operalon m such a case. As Is Knfous 
o«.. IfK ran," ^JT^^Sl^^^'^^^^j' * Mors- 

5» isllcs are consid.,aM, inwoCLd ' ''»"^"*"«-C°""<l"«ll'.*evi««ingangle charaaa.- 

o..^'n."j;rr=s:xr„ssrr^^ — 
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T^^T '^^'^^ ^ °* ^'^^ °* "egative uniaxial film 95 are 

""1 »|*odiment. Further. Fig. 242 shows viewing angle regions, in each of which gray-scale inver- 

F « iTI ^" «9«-S^«r-s«le-l9«l driving operation in such a case. As is obvious from the comparison with 
c tt,fo«l ^ T^^' * ^'^^ *^ ®"'«^9«* extensively. Moreover, the range, in which 

' " '"^"'"^ Consequently, the viewing angle characteristics are cinskleraS 

4 J^'^H'I' ^V^^ °* *® ^ embodiment, the optimal condition for the contrast was studied. Fig 243 shows results 
of th,s study, wh.* reveal that the optimum condition indicated by Fig. 243 was the same as illustStSin F,r22r 
10 presS i^r^on constitution of a liquid crystal display device which is an 59th embodiment of the 

This embodiment isdifferent from the 52nd embodiment in that a phase difference film 96. whose inplane dielectric 

rS^ed"''.^in';? T'^T "^'^"^ *" ''"^'^ th« <^'°wing Nation n?t ^ 

n„ IS placed between the Iquid crystal panel and the first polarizing plate 1 1 and that a positive uniaxial fi m «M^^ 
removed from between the liquid crystal panel and the second po^iJing plate 15. iJeX^diffeX Im S is 
ang'S.'" ' — ^^^^ -tersect with the absorption «is o, the f irst'^Trrg^ 1 ! at7gm 

Fig 245 shows iso-contrast curves in the case that the x-axis is employed as the phase lao axis of th*. nh=c« w« 
ference f dm 96. namely, n, > n, and that the phase difference in an inpZi^dirii^n in ^^^^^^^^^^ 1 

K t '^TlfP'I'^" '"'^'^ « ^ fr*"" the comparison with Fig^ 214 ar2tra SJaf^^ 

?5h ♦ n • "'"s«'"ently. the viewing angle characteristics are considerably improved 
Incidentally, quantties and R„ are defined as follows: R = (n - n Id • and R - m n »h i„ ♦k 
the 59.h embodiment, the opLal co^ition for the contrast Morwar^ud^^by^ai^rf/^^^^^ 

rrr^L^e^ret™-^^^ 

- 250 nm < Ry^ < R^^ + 150 nm. 
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0<Ry2 and 0<R„. 



40 



Ro = (nx -ny)d= Rxz -Ryz (in the case that n^ ^ n^); 
Ro = (Hy - n,)d = - R„ (in the case that n^ 2 n^); 



45 and 



so 
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Ryz = ((n, + ny)/2 - n^)d = (R„ - Rj^)/2. 
Therefore, the optimal conditions for R„ and R^, are written as follows: 

Ro^50 nm. R,i500nm. 

to the optimal condition by chandnriJe ^TrSi^J^ ' ^ '''^^ cell and the upper limit 
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Z^^iitT^lf ^J? '•'^ P''^'^ *" thickness depends on the 

t^J of ^C^!L"!f..!" f 2:^' ""^ "'^^ '^"S* phase difference in the dlrec- 

t.on of thickne^ the film Let R^c denote An -d caused in the liquid aystal. Consequently, it is concluded that the 

' nrftr;^"^^^^^^ 

^erlV^c^nJulS^^'^'^" Z '"tf!!! °' ^ ^^ich a plurality of phase difference films 96 

TnTthP ^"V::^ and one of the fir« polarizing plate 1 1 

,0 r . ^^^^ P^*'*^** Of ^ °* sides of the liquid crystal panel and ^een 

10 the l^u«f crysta^ panel and the other thereof was studied similarly. As a result, it was found th^t th^^n^c^Zn 

t"hS P^Trn'rH^lh' f ""'^^^ °' °^ Phase different S^STs St nSe 

n^nS^ranT^^R^r^SC'''"''^^^^^^ 

Further, as a result of studying the optimal condition similarly by changing the twist anole in a ranap of n tn on. 
r5 was found that the optimum condition was the same as the aforementioned r^uJemert ^ ' 

A positive uniaxial film 
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a negative uniaxial film 

(n, = iiy ) n,) 

TJ ^ ^ '"^'^^^ ""^ ^ ^^^^'y* ^ ^ combination of such films may be 

Pl^se dH.„en=e o. ,he icemen, shiSU' S^iSfo^^ 

arales or sinng eledrades. and can SSefe™ ^ be 'eiMd meraly b, fon«ns ilrclnelons on sub- 

cla-nln, «ap a,a -««lrSr:^^°„,T^,^rLi'D a^?s'SD"^^ '""■'T'"' 
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Claims 

1 . A liquid crystal display device comprisins: a first substrate and a second substrate processed for vertcal alionment 
and a liquid crystal having a negative dielectric constant anisotropy and being sandwiched between said first and 
second substrates: onentations of said liquid crystal being vertical to said first and second substrates when no volt- 
age being applied, being almost horizontal to said first and second substrates when a predetermined voltage being 
applied and being oblique to said first and second substrates when an intermediate voltage lower than the prede- 
termined voltage being appiied, ^ 

said first substrate comprising first domain regulating means for regulating azimuths of the oblique orientations 
of said liquid crystal; 

said first doTOin regulating means comprising a first structure for partially changing a contact surface between 
said first substrate and said liquid crystal to inclined surfaces; 

therein the liquid crystal in the proximity of said indined surfaces being vertically oriented to said 
inclined surfaces when no voltage being applied, and azimuths of said liquid crystal far from said inclined sur- 

25 4. A liquid cry^al display device according to claim 2. wherein pixel electrodes are formed on said second subsfr^^^ 
TJ^r^^ P/J^usions «ctends straightly, and said protrusions are arranged in parallel to one another with a pre^ 
aetermined pitch among them. 

^5"^ ^ ""^'^^ '^^'^^ according to claim 4. wherein said predetermined pitch is equal to an arranaement 
prtch d said pixel electrodes, said protrusions extend in parallel to edges of said pS^el elecT^esld 
tions tacing to centers of said pixel electrodes. '^^^^ ana pass on posi 

A liquid crystal display device according to claim 2. wherein pixel electrodes are formed on said second substrate 
sa^pro^t^ions have point-like figures and said protr^^ 

40 8. A liquid crystal display device according to claim 7. wherein said depressions are provided under a first electrode 
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^' ^nSn^ oc^' '^'^'^^ ^° '^^''^ ''• « ^ Of said first substrate includes slits 

operahng as domain regulating means, said depressions and said slits are mutually arranged. 

'^Tl^l ^"^'"^ *° '^'^'"^ '^^^^'^ ^^'^'^ includes protrusions projected to a 

layer of said liquid crystal and depressions depressed from said layer of said liquid crystal 

"•ar;S,Ted^rrarS::^^^^^^^ 

5(S"<?a^'olSptr"'''^"''''='^" 
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13. A liquid crystal display device according to claim 1 wherein said spmnri ciKctrat^ - 
u^ting means for regulating azimuths of the oblique^SItt^nsS^^ l^^^^^lT""' 
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14. A liquid crystal display device according to claim 13. wherein said second domain regulating means comprises a 
second structure tor partially changing a contact surface between said second sutjstrate and said liquid crystal to 
inclined surfaces, and said first and secwid structures include protrusions projected to a layer of said liquid crystal. 

15. A liquid crystal display device according to claim 13. wherein said second domain regulating means comprises a 
second structure for partially changing a contact surface between said second substrate and said liquid crystal to 
mchned surfaces, and said firet and second structures include depressions depressed from a layer of said liquid 

tlTt "T^^ '^^^^ ^ccordinq to claim 13. wherein said second domain regulating means conprises a 
second strurture tor partally changing a contact surface between said second substrate and said liquid crystal to 

rrS^^/^ll^* "'i !f " li^ "^"^"^ protrusions projected to a layer of saidliquid 

crystal, and the other includes depressions depressed from a layer of said liquid crystal. 

Lid iSrSt? ' ^'''^'^ protrusions projected to a layer of 

18. A liquid crystal display device according to claim 1 3. wherein said second domain regulating means is slits orovided 
fayer TT.S^'VXv ^ ^^"'^ '"-"^eslepreSons .e^rlS^Z^ 

19. A liquid crystal display device according to claim 13. wherein said second domain regulating means comprises a 
incr^ ThT^ ^ Til- '^'"r ' '""^ "^^^ ^'^ ^ '^'^ said liqu^XS?to 
S™m"airer?s:;?iiScS.'^^^^^ 

20. A liquid crystal display device according to claim 19, wherein said protrusions and depressions on each substrate 
seojnd substrates are arranged inparallel to each other and are arranged so that said prrtrusionsan^^^ 

'^T^^ t"^"^ ^"^'"3 '° "^^'^^ structure includes depressions depressed 

. ^ °' ^"^"^^ i-^'^des Slits, said sSS^or^^nTgtS 

S?. o o H^'^"^ ^ ^""""^^ '""'"^'"9 depressions depressed from a layer of Sd liquXyJfal and 

slits provided on a second electrode of said second substrate. sa>a "quia crystal and 

40 tyii borstal display device according to daim 21. wherein said depressions and slits on each substrate are 
mutually arranged in parallel with ptehes of one and three, saki depressions and slits of id f irj^nd sS^ sS 

corresponding to large pteh. and protrusions and depressions of different siTstrates respeclivSy nelX 

50 

27. A liquid aystal display device according to daim 23. Wherein said fbst and second stm^^ 
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ric portions outside of display area in which no pixel exists, 

28. A liquid crystal display device according to daih 24. wherein said dielectric material forming said first and second 
structures is photosensitive resist. 

29. A liquid crystal display device according to daim 28. wherein said photosensitive resist is a novolak resist. 

30. A liquid crystal display device according to daim 28, wherein said photosensitive resist is baked after a pattern is 
orawn. 

31. A liquid aystal display device according to claim 24. wherein the capacitance of said firet and second structures Is 
ten or less tmes larger than the capacitance of a layer of said liquid crystal located under or near said protrusions. 

32. A iKjuld crystal display device according to dain, 24. wherein the specific resistance of said first and second struc- 
tures IS equal or larger than the specHic resistance of said liquid crystal. 

t^^^V^l^^^^ "^l^"^ 1"°'*"^ *° ^^'^^ structures include protrusions 

projected to a layer of sa.d liquid crystal, and said protrusions are made of material shielding visible light. 

20 34. A liquid crystal display device according to claim 24. wherein said first and second structures include protrusions 

25 ^rSifJr?! "^^r^ l'"'*"^ *° ^ '"^ ^"^ Structures include protrusions 

36. A liquid ciystal display device according to claim 24. wherein said first and second structures include orotrusions 
projected to a layer of said liquid crystal, and center portions of said protrusions are protrusions 
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45. A Ikiuld cn«al aispla, ae^e atoort,^ « daim 24. wh,,*, saia ,i,s, and secord »uct,as ar, fo,n»d b, pdm- 



EP0 8d4 626 A2 

ing. 



^rSi J .fo T ^^'"^ *° ^ ^"^ sfr"ct"^es includes protrusions 

Sid t= J r """^ " ^'^'^ ^"'"'"9 « •^'^^"ess of said layer of saTq 

layer " ^ '""'''^ °' ^ '^^^'^^^ <^ crystal 

S 3 2 ■ " ^""^ ^ '^"^'^ ^'^^ distribution whose standard deviation is 0. l to 

0.3 rnicrometere. and sari spacers are dispersed with a density of 300 partides per square milH^^^^^^ 

n»sk conesponding lo pil«l portons ot at loss, «olc filled pHoto Imograph, ™th a 

45 

nessofalawrolsaidllSs)^ ^■^^'^ 
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60. A liquid crystal display device according to daim 23. wherein said first and second structures includes protrusions 
projected to a layer of said liquid crystal, a sum of height of said protrusions of said first and height of said protru- 
sions of said second structures is equal to a desirable thid^ness of a layer of said liquid crystal. 

5 61. A yquidcrystal display device according to claim 13. wherein said second domain regulating means includes slits 
provided on a second electrode of said second substrate. g means inciuoes siits 

62. A liquid crystal display device according to claim 61. wherein said second electrode consists of pixel electrodes 
10 trically connecting said partial electrodes. 

^ '^•^"^ ^-^^^ P^-^- - -anged at 

65. A liquid crystal display device according to daim 62. wherein said second domain regulating means includes oro- 
trusions h.gher than surfaces of said pixel electrodes and ananged inside said sWs. ^ 

66. A liquid crystal display device according to daim 13. wherein said first structure is an array of protrusions (banks) 
^nSli'^r <9r'^>.««* «*«"ding straightly, said protrusions or depressions are arrangL in iralte to oS 
another wrth a predetermined pitch among them, second domain regulating means indudes an ^rvSSSui^! 
or depressing or slits each extending straightly said protrusions depreiionTor ^TaTe Lngi L SmTeUo 

' p°;;^i:s ^"T^" ~- - reir r :rrmi^t 

67. Aliquld crystal display device according to claim 13, wherein said first structure Is a pair of arrays of orotmsion.; 
L^?iroJf''S:°"'2r'"'^ extending straightly. saidprotru^onsordepiLS^ areSnreS ?^^^^ 
S ^otrSroTl^ predetermined pitch among them, second domain regulati^ means includra'^ oS 
■n S^^^r '"^ ^^"^ ^^'Sm said protrusions, depressions or slits ?e arrJraS 
3n ^T" ' ^'^^^'"^"'^ P'tcH among them, directions in whTd, saiS iS^ualTor dZ^ 

:rg:mtrsSd^sr '° - ^rtr.rz'^n 

sirr ^oi r^rj^l^r :r ^^^^ - or depre. 

one direction and being bem in zigzag at intervals of saki or«ri«i«m!^^ oepressions or slits eadi extending in 



40 



45 



SO 



55 



EP0 884 626 A2 

74. A liquid crystal display device according to claim 71 , wherein a pattern of each pixel electrode is almost a square 
and pixel electrodes in adjoining row are mutually offset by a half of arrangement pitch of said pixel electrodes. 

75. A liquid crystal display device according to claim 74. wherein data bus lines extend in zigzag along with edges of 
s said pixel electrodes. » 5» » aw 

76. A liquid crystal display device according to claim 71. wherein said predetermined pitch is an integral submuttiple of 
said pixels. ^ 

^' iSpSeTs^^' "^'^^^^ '^^'''^ according to claim 76. wherein said predetermined cyde is an integral subnuiltiple of 

78. A liquid crystal digpla/ d«/ice according to any one of claims 66. 67 or 71 . wherein said first structure includes pro- 
r^'^!; ^ °T" "^"^ '"^"^^ protrusions or slits, said protrusions of said first strurture 

5 and^sari protrusions or sirts of said second domain regulating means are offset Sy a haH of said predetSS 

79. A liquid crystal display device according to any one of claims 66. 67 or 71 . wherein said first structure includes oro- 
tr.^,ons^ sa.d second domain regulating means includes protrusions or slits, said protrusions of s^id irst^rurtu^ 

0 and sad protrusions or slits of said second domain regulating means are offset from a state in SSSprrtrL 
sions or slits face, and said offset is fully smaller than said predetermined piteh. wn.cn saio proiru 

^' ««°^<*'"9 to any one of claims 66. 67 or 71. wherein said first structure includes 

depressions, said second domain regulating means includes depressions, said depressions of said firsmruJSre 
. -"^'^•ddepressionsofsaidseconddomainregulatingmeansareoffsetbyahalfSfrw?^^^^ 

81. A liquid crystal display device according to any one of claims 66. 67 or 71. wherein said first structure includes 
depress,or«^ said second domain regulating means includes protrusions or slits, said 6e^o^ S^^^ 
structure and said profusions or slits of said second domain regubting means are arrang JtoTetoic^ otler 

.^ ''^"'^'^'ystel 'Jisplayde/iceaccoid^^ 1, wherein said first structure includes protrusions a liquid aystal 

located on a side of said device vertical to a direction in which said protrusions are extending. 

^' irSSfl^?^' 1?'^^ '^'T^ '° ^^'^'^ ^^''^"^ ports through which an air or liquid crystal is 

^' cr!^«f f f ^"^"^ *° ^" ^'^^^ to apply a voltage to said liquid 

crystal and having no relation to display is formed near said liquid crystal injection port^ ^ 

i^S^m^c!!!? fl^ ^ '^"^'"f ^"^"^"^ '° "^^"^ ^' ^ s»^"«ure includes protrusions formed wrth a 

fre:irr:ssL"rsjir;.^ ~^ ' ~ 
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said protrusions are mutually arranged so that centers of respective rectangulais coincide to each other. 

90. A liquid crystal display device according to claim 89. wherein said rectangulars are similar to said pixels, a maxi- 
mum size of said rectangular coincides with that of each pixel, and centers of said rectangulars of each group coin- 
cide with a center of each pixel. » K>« 

91. A liquid crystal display device according to claim 13. comprising auxiliary domain regulating means arranged 
perimeters of each pixel for generating orientation regulation force in a direction different from the direction of ori- 
entation regulation force by the electric field generated in a non-display region. 

92. A liquid crj^tal display device accoKling to claim 91. wherein said auxiliary domain regulating means is arranged 
along a part and in the nelghl)orhood of an edge of said pixel. » » -sea 

93. A liquid crystal display device according to daim 23. wherein said first and second domain regulating means are 
PKrta«.ons proiected to a layer of said liquid crystal, pixel electrodes are provided on said f irst7ut«tra?e. ^Jer 
t^r^nn'T^ r ^f^ ^ ^ ^^"^ P'«' extending in parallel to the 
loSt^Tn Jit. P^"'^^"^''"^ ''^^ to the pixel electrode inside said plel tetrode are 
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^' ^iSl^nTI TSl'^^'^^ *° ^' protrusions nearest to said pixel electrode out- 

side said pixel electrode are arranged on a bus line, "ueoui 

95. A liquid crystal display device according to daim 23. wherein said first and second domain regulating means are 

«o7i^i?rrj """^"^T °* "''"''^ ^^^^'^ ^"^ ^« protrusions^" ZT^^l 

^ S nl ' °' protrusions, the interval between adjacent protrusions arS^ttie 

height of the protrusions indudes at least two different values. 

^' t 'S nPiSlhl!^'^^ ^"^"^ '° adjacent protrusions is smaller 

in the neighborhood of the bus line than at the central portion of the pixel. 

?n'?nMh '^??!!^ '^^'^ ^^'"^ '° ^ P'"^«'*»y °^ Pi«'s constitute a set of pixels at least 

one of the wdth of the protrusions, the interval between adjacent protrusions and the height of the profrusb^S 

t^Ztl 17"^ ! T"^ "^"^"^ =et of pixels, and the width of the protrusions ZSe^l 

between adjacent protrusions and the height of the protrusions are fixed in each pixel. 

^ t!ofJ!^! '^'^^^yf^'^ ^c^-^'^S to c'ain^ 97, wherein the thidmess of the layer of said liquid crystal is dif- 
ferent at the plurality of pixels constituting the set. »«"u ..hukj crysiai is on 

^Jif J'n^i^' ^^^^ device according to daim 23. wherein said first and second domain regulating means are 
r^I!*^ P^°J"«o"s projected to a layer of said lk,uid aystal. and said anay of protrusions iSu^S pTri^LI 
repeated protrusions having two or more dWerent values of side surface inclination anglesTta^rljlS) ' 

1 00. A liquid crystal display device according to daim 99. wherein a plurality of pixels constitute a set of oixels the sidP 
surface inclinabon angle of a protrusion is varied from one pixel to another in each oixeT^ anrXtw. I 
inclination angle of the protrusion in eadi pixel is fixed ' 
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101.A liquid crystal display device according to daim 13. comprising auxiliarv electrodes id «lor^r«H«<.^ *, • 
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are arranged in parallel to one another witti a predetermined secorxl pitch anwng them. 

104. A liquid crystal display device according to daim 103. wherein additional protrusions or slits are further provided at 
centers of frames, which are formed when vertically seen to the substrates by said first array of protrusions and said 
second array of protrusions or slits, on either of said first or second substrate. 

105. A liquid crystal display device according to daim 104. wherein said additional protrusions or slits have figures sim- 
ilar to the frames. 



' 1 06.A liquid crystal display device according to claim 1 03. wherein said first array of protrusions and said second an-ay 
of protrusions or slits are crossed at right angle when vertically seen to the substrates. 

107. A liquid crystal display device according to claim 103. wherein a sum of a thicknesses of said protrusion of said first 
anray and a thicknesses of said protrusion of said second array is equal to the thickness of a layer of said liquid crys- 
tal, and crossing portions of said protrusion of said first and second arrays operate as spacers. 

108. A liquid crystal display device according to claim 13. wherein said first structure indudes protrusions formed with a 
first two-dimensional lattice, said second domain regulating means indudes protmsions or slits formed with a sec- 
ond two-dimensional lattice having same array pitches as those of said first two-dimensional lattice and said first 
and second twoKlimensional lattices are offset by half pitches of said array pitches. 

109. A liquid crystal display device according to claim 108. wherein crossing portions, which are formed when vertically 
seen to the substrates by said first array of protrusions and said second array of protrusions or slits, are mutually 
omitted, and said protrusions or slits of said first and second arrays are intermitten. 

110. A liquid crystal display device according to claim 23, wherein said first and second structures include protrusions 
(banks) of dielectnc materials each extending straightly in one direction, said protrusions are arranged in parallel 
to one another with a predetermined pilch among them, electrodes of said first and second substrates are partially 
formed on one of slopes of said protrusions. 

111. A liquid crystal display device according to claim 1 10. wherein said dielectric materials forming said protrusions 
passes visual light. " ^ 

112. A liquid crystal display device according to daim 1 10. wherein said protrusions of different substrates are arranged 
so that slopes of said protrusions on which no electrode is formed are nearer to each other. 

1 1 3. A liquid crystal display device oonprising: a first substrate and a second substrate processed for vertical alignment" 
and a liquid crystal havinga negative anisotropic dielectric constant and being sandwiched between said first and 
second substrates; orientations of said liquid crystal layer being vertical to said first and second substrates when 
no voltage being applied, being almost horizontal to said first and second substrates when a predetermined voltage 
being applied and being Mique to said first and second substrates when an intermediate voltage lower than the 
predetermined voltage being applied. « uioii uie 

said first and second substrates comprising first and second domain regulating means for regulating azimuths 
ofthe oblique orientations of said liquid crystal; » » » 

saidfirstdornain regulating means indudes a first array of protrusions (walls) eadh extending straightly in afirst 
direction, said protrusions are arranged in parallel to one another with a predetermined first pitd, among them 
said second domarn regulating means includes a second array of protrusions or slits each extending straightly 
Ir^TJl ^"^ P^<«~sions or slits are arranged in parallel to one 

another with a predetemiined second pitch among them. «»one 

1 14.A liquid crystal-display device according to daim 1 13. wherein additional protrusions or slits are further provided at 
second array of protrusions or slits, on either of said first or second substrate. o sanasaio 

' '^ ifaMo S.rrSlet'^"" ^"^"^'"^ '° ""^"^ ' P'ofr^sions or site have figures sim- 
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1 16. A liquid aystal display device aocording to claim 1 13. wherein said first array of protrusions and said second airay 
of protrusions or slits are aossed at right angle when vertcally seen to the substrates. 

1 1 7. A liquid crystal display device comprising: a first substrate and a second siAistrate processed for vertical alignment 
and a liquid crystal having a negative anisotropic dielectric constant and being sandwiched between said first and 
second substrates; onentations of said liquid crystal layer being vertical to said first and second substrates when 
no voltage being applied, being almost horizontal to said first and second substrates when a predetermined voltage 
being applied and being oblique to said first and second substrates when an intemiediate voltage lower than the 
predetermined voltage being applied. 

said first and second substrates comprising first and second domain regulating means for regulating azimuths 
of the oblique orientations of said liquid aystal; 

said first domain regulating means includes an array of protrusions (banks) or depressions (grooves) or slits 
ea* extending in a direction and being bent in zigzag at intervals of a predetermined cycle, said protrusions 
or depressions are arranged in parallel to one another with a predetermined pitch among them- 
sea)nd domain regulating means includes an array of protrusions or depressions or slits each extending in 
said direction and being bent in zigzag at intervals of said predetennined cycle, said protrusions, depressions 
or slits are arranged in parallel to one another wnth said predetermined pitch among them. 

^ ^^of 'S^pSte^ "^^^^ '^^^ according to claim 117. wherein said predetermined pitcfi is an integral submultiple 
^^^t faldST "^'^^ according to claim 1 17. wherein said predetermined cycle is an integral submultiple 

120. A liquid crystal display device according to claim 117. wherein said protrusions or depressions or slits of said first 
and secons substrates are offset by a half of said predetermined pitch. 

121. A liquid crystal display device, characterized by comprising: 

hJ2f I'^r*^' Tl!" '^''^ ^ '^^"9 ^ "^^^ ""stant anisotropy is sandwiched 

trSl^lnt ^T T- T"'- ^"^ °" ^""^^^ ^hi^^' a vertical alignmem 

freatment is performed, and in which orientations of said liquid crystal are nearly vertical to said sutetraS 

Sroi?^!? J- "^^'^ ^ "^"9 « predetermined volteS is appiS 

across said liquid crystal, and in which domain regulating means consisting of one of or a corrtination^ pS- 

S "^Tr T ^"'"^"^^^ °" « ^'^^^ °' at least one of saW ^sub- 

c^l^f -H , • ' "^^^ "^'"^ '""^ predetermined voltage is applied across saTl^uW 

crystal, said liquri crystal ,s regulated so that the oblique alignment is caused in a pluSy of directions in e^ 

first and second polarizing plates placed at both sides of said liquid crystal panel so that absorotion axes 
thereof intersect with each other at right angles: and m y f« « so max aosorption axes 

at le«t one phase difference film having optically inplane positive uniaxiality. placed in at least one of soaces 

?n tirj'^' °' ^ P^arizing plates. are 

at one^or both of the sides of sa«f liquid crystal panel, and between said l«,uidTystal pane? a^ tSn^ 

122.A liquid crystal display device, characterized by comprising: 

a liquid crystal ^nel in which a liquid crystal having a negative dielectric constant anisotropy is sandwiched 
between two substrates, namely, upper and lower substrates on the surfaces of whicH >S^L?^t^mert 

strat^when no voltage is applied across said liquid crystal, and are .nearly horizonte^W a ,Saae t 
if«^°^ l-quW crystal, and are nearly oblique when a voltage being fess tiian a p^^e^^eS 

«. H r ^ ° and slits formed in electrodes is provided on a surface of at least one of 

^i'^'^ ^"3 " ^ ^"^S^ "^"^ '^^ ^ the predetermined t^ge SS^^-^ 

sad liquid crystal, said lK,uid crystal is regulated so that tt« oblique alignment is caused in a plS^of d^ 



EP0 884 626 A2 



15 



20 



ions in each pixel; 

first and second polarizing plates placed at Ixjth sides of said liquid crystal panel so that aljsorption axes 
thereof Intersect with each other at right angles; and 

at least one of phase difference films each having optically negative uniaxiality in a direction of thickness 
thereof, placed m at least one of spaces formed between said liquid crystal panel and one of said first and sec- 
ond polanang plates, which are provided at one or both of the sides of said liquid crystal panel and between 
sad liquid crystal panel and the other thereof. 

123.A liquid crystal display device, characterized by conprising: 

a liquid crystal panel in which a liquid crystal having a negative dielectric constant anisotropy is sandwiched 

"PP®' ^"^ substrates on the surfaces of which a vertical alignment 
treatment is performed, and in which orientations of said liquid crystal are nearly vertical to said substrates 
wrtierj no voltage is applied across said liquid aystal. and are nearly horizontal when a voltage is applied across 
2roSd7„ "2? T'' " ^""^^ '^'"S « predetermines volS is 

l^n^VJ^^iT^LTJV^''''' ""^"^ ""^^"9 Of one of or a combination o/pro- 

Se L ?? rr J I'""'^ *" P^'^'^"^ °" ^ ^"'^^ °* of said two sub- 

c^!,^f H I H • "^T ^ "^^^^ "^'"3 '^"^ predetemiined voltage is applied across said liqukl 

c|>^t. said liquid crystal is regulated so that the oblique alignment is caused in a pluSy of directions in Sch 

first and second polarizing plates placed at both sides of said liquid, crystal panel so that absorption axes 
thereof intersect with each other at right angles; ««««fpiion axes 

aS'^ftlf ''IT J^"^"^ "P"*^'^ '^'^^ ^^"^ Pl^*^ "e^een said liquid crystal panel 

b%rrsX?:^s:r"rs.^^^^^ ^ — — • 

1 24.A liquid crystal display device, characterized by comprising: 

a liquid crystal panel in which a liquid crystal having a negative dielectric constant anisotropy is sandwiched 
between two substrates, namely, upper and lower substrates on the surfaces of whicTa^SXmert 

Jnnl^^ ^,^-! ^ ^""^^ ^^"^ "y^^*- are nearly horizontal when a voltage is 

applied ac^ sad liquid crystal, and are nearly oblique when a voltage being less than a predeterm^nS 

J^Z ^"f' Slits formed in electrodes is provded on a surf«;e of at teaJt oS^ 
sad two substrate and in which, when a voltage being less than the predetemiin^ vSJ^e "SSacro^ 

rrh^oS:!^t?r^^^^^ °' » ^^<- 

a first phase difference film having optically inplane positive uniaxiality, placed behveen said liouid crvstai nanoi 

125.A liqud crystal display device, characterized by comprising: 

bJrl°2!?' TH" ^ "^"'^ ^^^"9 a negative dielectric constant anisotropy is sandwiched 



EP0 884 626 A2 



75 



20 



said liquid aystal. said liquid crystal is regulated so that the oblique alignment is caused in a plurality of direc- 
tons in each pixel; y unev, 

first and second polariring plates placed at both sides of said liquid crystal panel so that absorption axes 
thereof intersect with each other at right angles; 

'"r"''**"'? ^^'^'^ inplanepositive uniaxiality. placed between said liquid crystal panel 

and said first polanzing plate so that a phase lag axis thereof intersects with the absorption axis of saidfirJ 
polarizing plate at right angles; and «"!»«MBon axis or saio tirst 

•'«^"9 0P'*'=ally negative uniaxiality in a direction of thickness thereof, placed 
between said liquid crystal panel and said first polarizing plate. 

126.A liquid crystal display device, characterized by comprising: 

bJSlf 1*^1 ^t'" a negative dielectric constant anisotropy is sandwiched 

^^J^ r^T' T^'' ^ ^^^"^^ °" of which a vertical alignmert 

s^at« when no voltage is applied across said liquid crystal, and are nearly horizontal\^en a NTttage is 
applied acr^ said liquid crystal, and are nearly oblique when a voltage being less than a predete?m^e5 

IZITSTST ^"^^ ^e9"'a«"g -"eans consisting'a, one c^m 

binaton of protrusions, depressions and slits tornied in electrodes is provided on a surface of at least oS of 

Sd Sd"L ?f '"J i" "J"'- ' "^"^ Redetermined vSSge il^S^^ 

first and second polarizing plates placed at both sides of said liquid crystal panel so that absorotion axes 
thereof intersect with each other at right angles pana so mat aosorption axes 

127.A liquid crystal display device, characterized by comprising: 

bJSf pn'I!;^ ^It'" ^ "^^"^^ ^^"9 ^ "^^^ ^electric constant anisotropy is sandwiched 
behveen two substrates, namely, upper and lower substrates on the surfaces of which a ^rZTSZn^ 

!^!^ w ^''^ =^ystal. and are nearly horizontal when a voltaoe is 

"^"^ I'qu.cl crystal, and are nearly oblique when a voltage beingiess than a pSTeterm^S voi 

.?a%ixifd-:So^i:rh"^^^^^^ 

re;^.^e^^.Terh^oS^^^ "'^'^ ^--^ pan. so that at»orp«on axes 

^rm^'i?!!!,''^^*® difference film having optically inplane positive uniaxiality. placed in at least one of soaces 

128.A liquid crystal display device, characterized by comprising 
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at least one of phase difference fflms each having optically negative uniaxiality in a direction of thickness 
thereof placed in at least one of spaces formed between said liquid crystal panel and one of said first and sec- 
ond polarizing plates, which are provided at one or both of the sides of said liquid crystal panel, and between 
said liquid crystal pand and the other thereof. ' »~ 

129 A liquid crystal display device in which negative-type liquid crystals are held between two pieces of upper and lower 

J^SlTfe ,ltf nf^'^.^? ^^'^'""^ """" '''^^ ^ertLly when no 

voltage e applied, onented nearly horizontally when a predetermined voltage is applied, and are orierJed aslant 

s^iSr^r^'r^S" '-^d^termined voltage is applied, wherein oneTsakl two pe^ HoS 

a transparent support member; 

plural kinds of color decomposition filters formed on said transparent support member for each of the reaions- 
a transparent electrode formed on said color decomposition filters- and 
a light-shielcfing film formed at any position on said transparent electrode. 

^ 'iriT**' "J"^'^^ '^'^'^ negative-type liquid crystal is held between an upper and lower substrates 
f^^*^'. ''^^"^'^ '^^l « o^'^-^^* nearly verSly^STno voCet 

Z^^. " aPP"«i. and a're oriented asJnt when a'i ' 

"^^S^Ts^nr a^a^^^^^^ — of the mixed p.y. 

trusion ttiat works as a domain regulating means to so restrict that said Bquid crystals are wtenS in^a 
aslant direction in each pixel when a voltage smaller than a predetermin^ ^<^"Z^^£n^ ^ 

I H ^f^^ a profusion after electrodes have been formed on the surface of said substrate- 

I 2 r 'o fo'-^tion Of a vertical alignSm- and 

a step of forming a vertcal alignment film on the surface of said substrate on which Z^^o^'y^i^^n 

formed, of which the surface has been treated, and which includes said protruS* 
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1 40. A process for producing a substrate for vertically oriented liquid crystal display according to claim 1 39. wherein said 
substrate is rapidly heating so that said protrusions foam in the step of treating the surface of said protrusions. 

141. A process tor proAicing a substrate tor vertically oriented liquid crystal display having, on the surface thereof, pro- 
trusions that ¥Mork as domain regulating means to regulate azimuths of orientations of said liquid crystal when mol- 
ecules of said liquid crystal are tilted by applying a voltage is applied, conprising: 

a step of coating resin after electrodes are formed on the surface of the substrates; 
a step of scattering particulates on the surface of the resin ; 
a step of forming the resin into protrusions; and 

a step of forming a vertical alignment film on the surface of said substrate on wrhich the electrodes and the pro- 
trusions have been formed. 

142. A process tor producing a substrate for verticafly oriented liquid crystal display having, on the surface thereof walls 
that work as domain regulating means to regulate azimuths of orientations of said liquid crystal when molecules of 
said liquid crystal are tilted by applying a voltage is applied, conprising: 

a step of forming sets of two walls neighboring to each other; 

a step of heating said two walls to be fused into one wall ha>^ng a groove at center thereof- and 
a step of forming a vertical alignment film on the surface of said substrate on which the electrodes and the pro- 
trusions have been formed. 

143. A process tor producing a color filter substrate that is used as one of the two pieces of substrates for a liquid crystal 
display device in which liquid crystals are oriented nearly vertically when no voltage is applied, oriented nearly hor- 
izontally when a predetermined voltage is applied, and are oriented oblique when a voltage smaller than said pre- 
determined voltage is applied, said color f irter substrate having plural kinds of color decomposition filters formed on 
a transparent support member for each of the regions, comprising: 

a step of successively forming two or more color decomposition filters while superposing predetermined por- 
tions one upon the other among said plural kinds of color deconposition f iltere; 
a step of applying a positive-type photosensitive resin; and 

a step of developing said negative-type photosensitive resist after said positive-type photosensitive resist is 
expc»ed, through said cotored members, to light with which said positive-type photosensitive resist is photo- 
sensitzed. said light having a wavelength that transmits very less through the portion where said two or more 
color decomposition filters are superposed than through other portions. 

''^'nl'!^J^!f\°^'^1^ ^ '^^^l^^' ^"^'"^ conprising a step of fom,ing a trans- 

parent and flat layer after said plural kinds of color decomposition filters have been formed. 

'*^ts^hr,ig;reS ^^T" ^""'^ ' '"^"^^-♦^^ 

fzSv L" """"^ f-V^tfs nearly vertically when no voltage is applied, oriented nearlyS- 

J^nl r oriented aslant when a voftage smaller than said prede- 

termined voltage is applied, sad cotor filter substrate having plural kinds of color decomposition filters formed on a 
transparent sipport member for each of the regions, comprising: 

^"^"^ ^""^ °* ^«=°'"P°s»'°" ««ers on the transparent support men*er for each of the 

ley ions, 

a st^ of forming a transparent electrode on said color decomposition filters; and 
a step of forming a light-shielding film at any position on said transparent el^ode. 

''^'h SXcS'^isS ' ^^'^ '"^''^"^ *° ^^'"^ ^ '^-'"9 the light- 

a^ep of applying a photosensitive resist onto said light-shielding film which includes said transparent elec- 
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a step of etching said f^otosensitive resist after it has been developed by exposure to light through a prede- 
termined pattern; and 

a step of annealing said photosenative resist that is left on said light-shielding fim after the etching; 

wherein said photosensitive resist left on said light-shielding film works as an insulating protrusion. 

.A process for producing a color filter substrate according to claim 146, further comprising: 

a step of applying a positive-type photosensitive resist onto said transparent electrode which includes said 
light-shielding film after the step of forming said light-shielding fflm; 

a step of developing said negative-type photosensitive resist after ^id negative-type photosensitive resist has 
been exposed to light through said light-shielding film; and 

a step of annealing said photosensitive resist that is left on said light-shielding fim after the developing- 
wherein said photosensitive resist left on said light-shielding film works as an insulating protrusion 
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^ ^^Z"""^^ °* light-interceptive regions decreases, the numerical aperture improves accoidinoly 
2S p^^^"^ ^ ' ZT"^ '^'^ protrusions are formed along only the TFT portions canbe adapted to fte 
43rd embodiment and its modtf ications shown in Figs. 165A to 169. 

In the 43id embodiment, the black matrix is provided with the function of the spacer but according to the prior art 
spher-cal spacers having a diameter equal to the cell thickness are spmyed en one^lhe substrates hjvl the v^Si 
alignment f.lm formed thereon and then the other substrate is bonded. When the protrusion is formL ^7e efeSS 

cell thickness in the case where no protrusion is formed, the cell thickness becomes greater thanflie d«ir^*irfcn«I! 
due to the existence of the spacer on the protrusion. Further, when any force is ^^Z^l^eT^S^^Z 

Z^Z^hT ^^'"i^ "^^ «'^"nent to be next expired is directS^ to sole *S 

^Z^^Tt^^r ^T"'"' °1 «" the thickness oTthe protrusion. ' 

ass^Jv FTl68B^h^rrrlf f ^^^^ 

TnlS al^ , eST^ nLf '"^nf ''Il'" and Rg. 1 68C shows the assembled state. As show^ 

•n rigs. lesA and 168B. the protrusion 20A is formed on the electrode 12 of the CF subsirate ir anH tKo ■ 

abgnment film 22js before assembly and further formed. The protrusions 20A and 20B have thL^e hlht <iTam 
and are assembled so that they do not cross mutually when viewed from the panel surface -m^erSi is 4 
micromelers (^m), and the diameter of the spacer 85 made of a plastic material?3 ^m whS i^^ tel^cToSine^ 
by subtracting the height of the protrusion from the cell 163 A thickness As shown in Fia leaA iS tntm^?^^ 

?6 arthe'cF ^.^'1 °" ^'"^''^ ' ' ^^'^^ ^^'nJ^^e^Zn^r^^^ 
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and ,«abil«y ™° """^ i* panel a«p,a, ^Zc^ 

■•onding at portions having a lo., bondino enerav is cJnS VZ? ullra-inotel rnys are irradiated, 

ingly. the polanzauity of L surfaSIS^^^ii. ^^.v^r^'" "* "" « "^"^ 

..e^ed.oe.^«,i„.i«e.rr^-r»'^rpr2a^^"l;S^rr^^^^ 
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because the bonds of the protrusion forming material are more likely to be cut off than the bonds on the surface of the 
sutetrates. only the protrusions come to possess the ion adsorption capacity even when the ultra-violet rays are irradi- 
ated to the errbre surface of the panel. The vertical alignment film is formed after the ultra-violet rays are irradiated. 
An ion exi^ange resin, a chelating agent, a silane coupling agent, a silica gel. alumina, zeolite, etc, are known as 
5 the matenals having the ion adsorption capacity. Among them, the ion exchange resin exchanges the ions and supple- 
ments the tons that have existed as impurities from the beginning. Instead, it discharges other ions and for these rea- 
sons. It rs not surtable for the protrusion forming material. Among the materials having the ion supplementing capacity 
some matenals exist whi* have the ion supplementing capacity without emitting the substituent ions, and suchmate- 

TO and 171B and kryptand having the chemical formula shown in Figs. 172Aand172B. Further, inorganic materL such 
as alumina and zeolite have the capacity of supplementing ions without emitting ions. Therefore, rese^'Sate S 

^^^''^TSlTr ""^ materials adil^g 

different ions are preferably used in combination. oui^iy 

L T ^ n • ^1 '""'^"^ ^ ""^""^ '"^^"9 capacity describS 
SZl ? . -"anufacture the panels. Fig. 250 shows the result of measurement of the initiaMon density and the i^ 
density (unit. PC) after «ie use for 200 hours of the panel so manufactured. In Fig. 250, ultra-violet rays ofT So mJ^e 
irjadiated in Examp^ C. 0.5 wt% of crown ether is added in Example D, zeolite is added in Exa^Se E ^ '^Z^e^er 
and zeo ite are added in Example F For reference, the case where the treatment for imparting meion adsorpti^J^c 

^plied a me brne of use, and the temperature at the time of measurement is 50-C. It can be ^reciated from the 
^dJla^'Cf 'J:^^' °' the ion density remains at substantially the same level regardless X iS^lds^rpton 
capaaty treatment. However, the ion density after 200 hours drastically increases when this treatment is not carried out 
but when the treatment is carried out. the increase remains small e«timern is noi carnea out, 

' i«rt^n 1*"^ '° '^'''^ "•tra-violet rays are irradiated and the sample which is not at all treated are sub- 

!"iLUSd?ar™"^*^ 

matr!rha^rdr~:rrr^^^^^ 

As mentioned above, if a pattern of protrusions can be drawn on the CF substrate 16 in the conventional manufac 

can be minimized. The seventeenth embodiment is an embodiment in which a pattern of protrusions are dVaS^n mo 
CF substrate 16 by utilizing the conventional manufacturing process pratrusions are drawn on the 

in ^a^Ul^ ^! '''^^'^"^ ^'"9 ^^""^'^ °* CF substrate of the 45th embodiment As shown 

1 rP J^l "1 of (CF) resins 39R and 39G (and 39B) are pS by 4e7S 

^n^r^ 'f ^- ^ modification of the CF substrate in the 45th embodiment Black matrices or an 

PIK* =., the Tl-r tu^JZ^^^T^^ P«u.»,s b, Mcinj position, ,ho c«=„ ol fte 

55 protrusions are formed near the centere of the pixels 's arawn. on the TFT substrate 17. pyramidal 

F.g. 175A » 180B «e ca«ran» sho^n, <«»rpl« d >ho sln«lu,e of »,e CF sub««e of the «lh eml»dh»m. 
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